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I— PRELIMINARY OBSERVATIONS 


Before dealing with the propei snbject-mattei of oui 
Report it appears desirable briefly to lecapitulate tiom 
official document the steps which led to the foimation oi 

this Oomnnttee and to state its object 

In the year 1876 the Royal Commission on bcientibc 
Instruction and the Advancement of Science, in then eig i 

and final Report, strongly recommended the establishment 

by the State of an observatory for solar physics They stated 
that their opinion is confirmed by the action oi loreign 
countries m this mattei, observatories for astronornical 
physics having been already established in various ^ 
Italy, while their immediate erection had been decided 
uwm in Brfn and in Pams. The Royal Commission fim- 
ther expressed a hope that similar institutions might be 
estalblished in yarious parts of the British empiie, fhey 
paitieularly called attention to the great advantages that 
India afforded for contmuous observations at ceitain high- 
level stations, which aie so important in this mattei In 
1876 a laige and mfluential deputation from the Biitish 
Association bad an interview with the then Lord President 
of the Oounci], the Duke of Richmond £ind Gordon, with 
the view to urge on the Government the necessit)^ for 
taking action on this and other recommendations of the 
Royal Commission* In replying to that deputation the 
Duke of Richmond stated that Mr Lockyer had been fcrans- 
feried from the War Office to the Science and Art Depart- 
ment, and that facihties were being afforded him for 
carrying forward the researches hearing on this subject, in 
which he had been engaged for several years 

Shortly afterwards a memorial was presented by a large 
number of eminent men of science on the same subject* 
They based their appeal for the foimation of an observatory 
for astronomical physics on the fact that in the opinion of a 
considerable number of scientific men there was a moie or 
less intimate connexion between the state of the sun^s sur- 
face and the meteorology of the earth, and they called 
attention to the fact that lecent independent investigations 
on the part of several persons had led them to the conclusion 
that there was a similarity between the sun spot period, 
periods of famine in India, and cyclones in the Indian 



Ocean They conclude by sayibg, “ We remind youi Lord- 
ships that this important and practical scientific question 
" cannot be set definitely at rest -without the aid of some 
“ such institution as that the establishment of which we 
« now urge.” The Lords of the Committee of Council on 
Education refeired this memorial to Professor Stokes Pio- 
fessor Balfodr Stewart, and General Strachey for then 
opinmn ae to whether a commencement might not be made 
tb give effect to the pioposals of the memoriahsts by- 
utilising the chranical and physical lahorataries at South 
Kensmgton, and detachment of Eoyal Bogin eers sta- 
tioned there The of the referenoa ajre giyen in Lord 
Sandon’0l|tiwef ISW, printed in a Parlia- 
mentary to an address dP the House of 

Oommo]^ 3^ed hf l^wd Lindsay, HP., on Mawjh 20th, 
1879 It hb howeyw, to quote one sautAoe 
from it : Al&o^ We are not at present in a position to 
" consider the ^tablishment of a Physical Observatory m.f 
eomprehensive scale, We believe that some advantage can 
be gained if a new class of obseivatioiis can be made witb 
the means at command ; since me best method of coti- 
“ ducting a physical observatory may thus be wiwfced out 
« ^apmmentally, and an eventua% avoided which 
** without 8«A have been considered 

« heceestey” Lord Sahdta;’ hi his letter suggested that 
the dhtronomer Eoyal should be consulted on the subject, 
and he sta^ that, “ We propose to ask General Strachey 
** to act with you, especially with a view to advising us as 
^ ‘t to how far any arrangements made at South Kensington 
may be worked with or form part of the system of 
observations which, we aie informed, are m contemplation 
" fiir India" At that particular time the Indian Govern- 
ment, m the hope that this co-operation might be secured, 
had made arrangements for havmg daily photogiaphs taken 
of ihe mm’s disc at Dehra-Doon, m the North-West Pro- 
vin(»% by Mir. MmnSi who, while he was a sapper itt the 
Eoful Engineers, bad been trained by Mr Lodger The 
'Oommittee above i'<tferred to reported at the end of 1877, 
and they st^ed what, m theii opinion, might be done at 
once and -without entadmg any serious cost This report also 
is given m the Parhamentary paper, to which allusion has 
almaiii^ been made 

li November 1 878, the Duke of Devonshire, as Chairman 
of the Boyal Commission on Scientific Instruction and the 
AdvianfawaeBd! iff Science, winte to the Lord President 
again OalKhf atemrfmn^o tho subject, and urging that the 
Beparfc of tide Ocaamifetee Aould be acted upon. In 1879 
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g. gum of SOOZ was taien m the estimates for the expenses 
of the Committee on Bolar Physics, and the present Com- 
mittee was foimed to make trial of methods ®f ohservation, 
to collect observed results, to find out what is being done 
in foreign countries, to collect as far as possible and bung 
together all existing mformation on the subject, and finally 
to reduce the Indian obseivations which have been made 
since the time when Mr Mems was sent to India, The 
Committee made a preliminary report last year, which w is 
presented to both Houses of Parliament, and has been 
published 

Having thus briefly described the (fitoumstanoes which 
led to the appointment of the Oommitte®, we proceed to 
mention the state of our knowledge at that time respect- 
ing the various branches of the subject, not attempting to 
give a complete scientific history of these, but only such a 
sketch as will show more clearly the direction in which it 
appears that this inquiry should be pursued in tiie future. 

In oei^i^ring the physics of the sun, we should naturally 
be|jhi with the sun itself, and, then go on to terrestrial 
phenomena, as regards some of winch, though at first sight 
there might appear to be little relation between them and 
the sun, a connexion has since been established, or rendered 
more or less piobahle 


11— STATE OF CUE KNOWLEDGE AT THE TIME 
OF THE APPOINTMENT OF THE COMMITTEE 
IN 1879 


Soqyjft Pawoiiiaiir^ 

(1 ) Sun Sfots 

The existence of black spots on the sun’s disc is noticed 
in the ancient annals of the Chinese empire. In Europe 
they were first scientifically observed by Galileo, Fahnciw, 
and Schemer shortly after tho mvention of the teleswpe, 
.ind it was eaily deduced fiom tlieir behaviour that the sun 
revolves about an axis in about 26 days. 

1 Telescopic phenomena , — In a telescope, spots present 
vmy vaned appearances. As a rule there are three shades 
of darkness visible, the nucleus (darkest) ^ * often seen in 
the central regions of the umbra, whicli is lees dark , while 
huuounding the umbra there js the region of i\\c. penwml/ra, 


* Tile Humbers tlnis printed refer to tbe list of papers giycn at p 70* 
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wkLch, though sometimes eutirely absent, generally suriouB-<is 
the umbra and separates it from the general solar snrfaoo* 
In the penumbra indications of strong currents, often true 
(grclones, are observed, while the general surface is some- 
times torn by these cuirents, and is seen projected in the 
form of bfidgm over the spot 

2 Sp&dTOSGOp%e phenomena — The spectrum indicates 
that the blackness of a spot is due to absorption both 
general and selective The selective absor|^orL takes the 
form of a widening of some ot the m the 

spectintn of the spot ; and this character that the 

chemical natec of tlie vapours in the fc^Jndt always 
be the same A. contortion of certain of ti# ^«tral lines 
is also observed, which indicates that violent motion, most 
generally a down rush^ m not uncommon. 

S Timr fre^mnoy — ^Fofrath Sehwabe, of Dessau, wats 
the first to ascertain that the state of the sun’s surftt^ 
regards frequency of spots was by no means uniform^ Ibixt 
was subject to an mequality, the average period of whicli 
was about 11 years. 

Other inequalities, both of longer and shorter periods 
than the above^ have be^ supposed to emst, but the 11 
yearly period ie the mc^t pix)ininent, as weE as that of whose 
©xytOTce we are a^fired. 

Although the series of Schwahe is the first with piefcext- 
sions to accuracy, yet Professor Kudolph Wolf ^ has endea- 
voured to render observations of sun spots made at differeixt 
times and by different observers compaiable with each other 
and has thus formed a list exhibiting approximately tlie 
relative number of sun spots for each year This liBi; 
extends hack into the l7th century, and is in many respects 
of great value, more especially in confirming past ah douTbt 
the existmce of the 11 yearly period. Nevertheless, we 
mwfe bear m jmnd that we have no continuous and wholly 
tnyMNvt^iiiy <date^ fteW which the t^btive mmdhmr of blue 
sup can be calculated uifiil the time of Schwabe^s 

ol^^rvafeonS. &fawabe began his observations m 1826^ 
and Ms ^stem was matured in 1 882. 

4 2%eir &drdnjiMon — In November 1853 Mr. Oa^r- 
ti%ton began at EedhiH, near London, an exceedingly 
senes of observations of sun spots> which extelLdedL 
mtil Itoch 1861. These observations Mr Oarnngton dis- 
.api^da^ccmpderable length in a voltime, the publicatioaxof 
by a grant from the fund placed by Her 
* ^ of tbe Royal Society ^ As the result 

i tbfe llfc* ,'Cte^higton confirmed a previously 



entertained suspicion that spots* are grouped more or less 
round the equatorial legions of the smi, never hy any chance 
appearing at the poles 

He likewise showed that at certain times there is a ten- 
dency in spots to confine themselves to latitudes very near 
the solai equator, while at other times they seek hy pre- 
ference somewhat higher latitudes, and that the same couise 
is simultaneously pursued by spots whether north or south 
of the solar equator 

Di Sin|l4o||i^theWilna Observatory (see Appendix to this 
Keport, drawn attention to the fact that during 

certain times spotted areas appear most on the northern, 
while durmg other times they seek by preference the southern, 
hemisphere of the sun He shows, however, that if we take 
a suffibiently long period (the thiee years, 1869-70-71, for 
instance) the total areas of the northern and southern spots 
are nearly equal 

Dr. Smy^loff has confirmed Carnngton^s observation that 
spota cto aji average appear principally between 1 2° and 20® 
latitude in the northern as well as in the southern hemi- 
sphere, from which latitude they diminish rapidly in size and 
numbei towards the equator, and more gradually towards 
the poles 

More lecently M Sporei,in conformity with the previous 
observations of Carrington, has shown that spot activity, 
as deduced fiom the records at his disposal, appears to 
advance towards the solar equator, iismg to a maximum 
when at 18® solar latitude, then diminishing until at 5® oi 
6® it seems to be exhausted. Afterwards some cause brings 
out spots in the higher latitudes again, and the same 
advance towards the solai equator is repeated with a maxi- 
mum about 18°. , 

5 Thm/r prop6f 'Motion ' — ^Mr Carrington^ has shown 
that spots have a proper motion of their ow;xi depending on 
their hehographic latitude, those near the solar equator 
movmg faster than those further from it 

Mr Carrington,® as the lesultof his obseivations, suspecte 
that there is a tendency in spots near one another to 
diverge 

6. Their nature —Professor Alexandei Wilson, of Glas- 
gow, in 1773,® was the first to bung foiward evidence indi- 
cating that spots are phenomena which take place below 
the geneial level of the solar surface, pits in fact of which 
the penumbra forms the sloping sides and the umbra the 
bottom More recently Kuchhoff has imagined that spots 
are phenomena taking place above rather than below the 


solar photosphere, while Faye has thought that they repre- 
sent openings in the photosphere, through wbiclTwe look 
into the gaseous Tbody of the sun The theoiy of Professor 
Wilson is now generally belieyed 3uii spots are occa^nally 
of such a as to represent a yolume many times larger 
than that of the earth, 

On M^oh 11, 1858, Dr Warren De la Kue began a series 
of photographic registrations of the sun's disc at the Kew 
ohseryatory, which continued regulaily to he taken theie 
from February 1861 to April 1 872 (m Appendix: to this 
Report, page 111), In 1865, Messrs De la Ene, Stewart, and 
Loewy confirmed the conclusions of Wdsun hy an examina- 
tion of all the chief spots photographed at Kew between 
March 11, 1868, and December 31, 1864, and they likewise 
brought forward eyidence to show that the bottom of a 
sun^ spot is colder than the general surface of the and 
that this diminution of temperature has probably been pro^ 
dueed by a down rush of comparatively cold matter from 
above This conclusion has since been abundantly verified 
by spectioscopic observations 

7 The^r cause — Wolf/ Fiit?:,® Loomis, De la Eue 
Stewart, and Loewy, and otheis have propounded the theoiy 
that the frequency of sun spots is connected with planetary 
(X)ifigurations., used it as a working hypothesis They 
consider that mdications have been thus obtamed of ceitain 
sun spot inequalities corresponding in period to ceitaia 
planetary configurations. 

In 1872, Messrs De la Eue, Stewart, and Loewy have 
brought forward evidence to show that a sun spot huB 
a tendency to increase as it is earned by solar rotation 
fuitber away from Venus or Mercury, and to dimmish as it 
IS carried by the same cause nearer to these planets 

Mono of these indications can, howevei, in the present 
state ctf our knowledge he regarded as convincing proofs 
of suck a touex;ion> md they arc to be mewed as merely 
preparing the way for a more thorough int^igife>n of the 
subject wh^ twfcworthy observations shall have become 
sufficiently extensive. 

8 Am^lahle mfo^moMori — The senes of pictnres by 
Hofrath Schwabe extends from 1825 to 1867^ and the 
original pictures are now in the possession of the Eoyal 
Astemomical Society The spotted areas of the suu’s whole 

as derived from Schwabe’s picture from 1832 to 1853 
are given in an Appendix to this Eeport, page 8 1 - 

iTbe C3aiiington's sun spot groups have been 

pmhl^ed in tfie vohfrne already alluded to. 
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The areas of Oarnngton’s sun spot groups and of the Kew 
groups up to 1867 have been given by Messrs De la Bue, 
Stewart, and Loewy in various publications 

Sporer’s positions of sun spots from 1801 to 1879 are 
p,ublished in Publication XIII of the Astronomische Gesell- 
schaft, m a continuation issued by the Prussian Government, 
and in Vols. I and II. of the publications of the Potsdam 
Observatory They are accompanied by a senes of drawings 
showing the spots for each rotation of the sun 

It will be seen from the catalogue appended to this Bepoi t 
that there is a great deal of inf ormation regarding sun spots 
Aviat.mg in the world, but this is not yet reduced and col- 
lected into an available form 

Thus the chief sources of detailed information at present 
available are — 

(1 ) Spotted areas of the whole disc from Schwabe’s pic- 
tures, 1825-1867. 

(2.) Carrington’s positions and areas of sun spots, 1853— 

i8Si, 

(8.) Areas of sun spots from the Kew photoglyphs, 1861- 
1867 

(4 ) Spoier’s positions of sun spots, 1861-1879. 

(5 ) Positions and areas of sun spots from the photogiaphs 
taken at Greenwich by the Astionomer Boyal since 
July 1873, which are regularly published by him. 

(2) Famlae 

1 Telescopic phenomena . — When the sun is examined with 
sufficient optical power it is noticed that on the general 
surface bright patches are seen which have received the 
name of faosdm. 

These are more oonspiciKW near the hmb, but th^y may 
also be observed near the centre of ttie disc, though there 
theii excess of brightness above the surrounding regions is 
much less conspicuous. 

yaculse almost invariably accompany spots of any consider- 
able size, but frequently we may recogmse patches of fiboulse 
unaccompanied by any spot and in regions where spots 
never make their appearance 

2 Spectroscopie phenomena —Wherx bright faculse are 
examined with the spectroscope it iS found that in the 
spectrum, which is brighter than that of the general surface, 
certain of the Fiaunhofer lines are wanting 

3 Their probable nature — ^The fact that faculae shine 
out much more brightly near the sun’s hmb than near the 
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centre of the <Mso has led to the belief that they consist of 
patches of limnnous photospheric matter existing above the 
general level 

We have also’ evidence that this liimmous matter lias 
ascended to its elevation from beneath, and that faculse con- 
sist of cui rents of relatively hot matter earned upwaids from 
below, while sun spots consist of cunents of comparatively 
cold matter carxied downwaids from above 

4 M^^traUon of fmvZm — The positions and areas of 
tiie facnlse winch appeal on the sun’s disc have been since 
July 1 873 systematically measiiied at Greenwich by the 
Astronomer Royal, and the Italian observers have also given 
, attention to them 

(3 ) MoUled stmepwre of the surface 

Sir Wm Hersdiel^^ was probably tbe first to remark 
tbat when tbe sun’s disc is observed with a powerfiil 
telescope it presents to the eye a brightness by no means 
uniform, but made up of numerous bright and dark patches, 
existing side by side so as to give the whole a mottled 
appeal ance, and he further stated that the poies, as he 
(^Ued them, were small spots. This has been abundantly 
^^tablished by the spectroscopa 

, It Janssen hm reeenfly been able to obtain admii able 
photographs^ not only exhibiting the structure in detail, 
but likewise registering the changes which take place in it 
from time to time 

(4) The Sun's atmosphere 

1. Emdeme afforded hy the darkening of the Irnib — 
When we view the sun’s disc through a telescope, or take 
a photograph of it, we find that the limb is less luminous 
thm iiie centre. This leads us to beheve that the luminous 
layer of the sun, or photosykere as it is termed, is sur- 
rounded hy a comparaMvdy cold absorbing. aWosphere. 
Such m atmosphere would act m this way : — ^The Hght 
which reaches us from the limb would have to pierce 
through a grmter depth than that which corner from the 
centre of the disc, and hence the former would be more 
ab«mbed than the latter, and the limb would therefore 
appOTT to us less luminous. 

2. MiAdefice efforded hy Edl/ipses . — On the occasions of 
total solar eclipses the echpsed disc is observed to have 
irrs^uhtr ap^nds^es around it which have been termed red 
fkmm, and by otearmtions of echpses from 1842 down- 
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wards, it has been proved that the flames reaUy belong to 
the snn, from the surface of which they occasionally extend 
to the height of 100,000 miles or more These red flames 
may now be seen, by means of a spectroscopic method, 
whenever the sun is visible 

The spectioscope has revealed to us the fact that the red 
flames are only the most prominent portions of a coloured 
solar atmospheie, surrounding the sun’s disc to an average 
height of 4,000 miles, which has been termed the ohromo- 
sphere^ while from observations made duiing the eclipses of 
1870 and 1871 there was reason to believe that between 
thechrouEiosphereand photosphere there existed a stratum of 
dense metallic vapouis 1,000 miles high, by the absorption 
of which, it was thought, the Fraunhofer lines were produced , 
this stiatum has hence been termed the re^emngr layer 

Beyond the chromosphere and the led flames we have 
the solar Corona^ which obseivation has pioved to he, 
an part at all events, an undoubted solar appendage. I 
consists of faintly luminous matter, extendmg perhaps 
to the dMante of a million of males or more aiound 
the solar disc. This luminous matter is not, however, by 
any means regularly distiibuted around the disc, nor is 
it always of the same extent and lustre 

3 Ghem/ical nature of the Atmosphere — Careful study 
by Elirchhoff and others of the Fraunhofer lines and of 
the bright lines in the lower part of the solar atmosphere 
has shown many of them to be coincident with bright lines 
seen in the spectra of metallic elements common on the 
earth, and it has been concluded, therefore, that these sub- 
stances exist also in the atmosphere of the sun. Many of 
the hnes, however, have no terrestrial equivalents, and their 
ongm is douhtfuh 

The solar atmospheric aot all of the same length, 

^ e , they do not all extend to the same distance from the sun, 
and the various lengths of the hnes have rendered it possible 
to deterramo the locus of the parti culai substances indicated 
by them 

Extendmg to the greatest distance is an unknown sub- 
stance (but probably a gas lighter than hydrogen), repre- 
sented by a line in the green at 1474 of Kuchhoffs scale 
Next m order of length come the bydiogen lines, and these 
vary among themselves, the blue line F being longer than 
the line C in the red Then follow, with a constantly de- 
creasing length, the lines of magnesium, calcium, and 
sodium, and these are succeeded in the lowest part of the 
atmosphere by a crowd of lines representing a great number 



10 


of metals, including iron, mckel, manganese, chromium, 
cobalt, barium, zinc, titanium, and aluminium. This lowest 
layer, on account of the gieat number of metals detected 
m it, and the bcUrf that it caused the appearance of 
almost all the Frattthijfer Imes, was called the re'vwsmg 
la/yer, ' 

It has been concluded firom these facts that the atmo- 
sphere of the sun is formed by a senes of concentric layers 
or shells composed of different elementary bodies, and that 
m defending ftom the outer faint regions ‘of the atmos- 
phere —those visible only m eclipses— to the lower regions, 
one encounters in succession the different substances 
enumerated above, and the speotmm, which ho. the outer 
reaches of the aitmosphcre is one of cKtreme simplioity, 
gradually mcreases in complexity, because as freSh layers 
are encountered the outer ones do not die out, but a/re con- 
tmued down to the photosphere. 

Confining attention to known elements, therefore, ' tile 
sun’s atmosphere may be regarded as consisting of a seri«i 
of shells of different elementary substances in something 
like the following order of succession, from without in- 
wards — ‘ 

Highest — ^Hydrogen 

Medium:.'---Mjagaesinin, calcium, sodium. 

Lowest.— Iron, nickel, manganese, chromium, cobalt, 
barium, copper, zme, titanium, aluminium. 


OONITEIXION between SoLAB PHENOMENA AND THE 
Magnetism oe the Earth 

(1 ) Magnetic Storms, 

I TMr naMvre. — ^It is well known that on certain 
ociaeions a suspended magnetic needle is subjeist to sndden 
and temporaary deflections, and that a sinmar behaviour 
is exhibited simultaneously by needles all over the world, 
or at least at widely distant places 
This peculiar behaviour of the needle indicates the exiet- 
ence of sudden disturbances m the magnetism of the earth, 
whieh.have received the name of magnetic storms iMag- 
netic phenomena including such storms are now continuousfy 
recorded by photography at vaiious paits of thewoild 
„ 2, mAimhtMon over various years — Sii E Sabine'’® 
and ofters, have ^hown that on those years when there are 
most snn spots' wch storms are most fre4uent, and that 



11 


years of raimmum sun spots correspond to years of fewest 
inaguetic stoims 

3. Thm Mstribuhon o^ct months of the 

year — Sir E. Sabine in discussing the results of the 
colonial observatoiies has shown that, magnetic storms are 
unequally distributed over the vanoui months of the year 
In Toronto there is a manifest preponderance of such storms 
about the equinoxes, while at St, Helena there are hkewise 
subsidiary maxima at the equinoxes At Hobarton, how- 
ever, there is a manifest annual inequality, with hardly 
any traces of maxima at the equinoxes 

Mr, J. A Broun, by a somewhat different method of 
treatment, has shown that at Makerstoun in Scotland the 
mean disturbance of magnetic decimation has its maximum 
at the equinoxes 

4 The%T swbvXtmievty at variom Btatwns* — It was 
known at a comparatively early epoch that magnetic dis- 
turbances occurred simultaneously at widely separated 
stations Alex:ander von Humboldt was the first to observe 
this, and the observation was fully confirmed by Oauss and 
Weber, and by subso(^uent observers. 

5 Professor Loom%s^8 remarJcs — Professor Elias Loomis,^^ 
from a discussion of 135 cases of magnetic disturbance, 
embiacing all the great magnetic disturbances regaided as 
such at Gieenwich for a period of 28 years, comes to the 
following conclusions 

(a,) Great disturbances of the eaith’s magnetism are 
accompanied by unusual distuibances of the sun's 
surface on the very day of the magnetic storm 

(6 ) The great disturbance of the sun's surface which ac- 
companies a terrestrial magnetic storm is gene- 
rally heralded by a smaller disturbance three or 
four days previous, succeeded by a comparative 
calm which immediately precedes the magnetic 
storm 


(2.) Auroral Disjplccys, 

1 These accompany magnetic storms— While auroral 
displays aie very frequent, if not continuous, near the 
magnetic pole, it was early observed that m lower lati 
tudes they are accompaniments of magnetic storms. 

2 Th0W distributwn over vamous years ^Loomis and 
others have shown that we have most frequent auroras 
during years of maximum sun spots, and that they axe 

B 824. ® 
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Jiiid rDittiratiria dBclixxa'fcioix langes correspondiBg 
to yeS/TS of and spot fiequency 

In tb© SQjtxiB yoBiX* Dn 'Wolf^ nnd jxC CBranticr^^ indspendGiitly 
remarlced the same coincidence 

Professor hoomis^® has confirmed tti is by bringing togethei 
and comparing declination ranges and. sun spots from 1777 
to 1870 incl'usi've, and he has mado a similar comparison 
between anroral displays and sun spons 

Mr. Elhs^^ has shown, from a discixssion of 37 years’ obser- 
vations at Greenwich, that the diurjnal ranges of horizontal 
force as well as of declination wax-y directly with the 
frequency of stm-spots 

3 Their depenfidence oro the p>o^4.t%on of the In 

middle latitudes declination ranges are greatest in summer 
and loast in winter ^ The form of "the solar diurnal varia- 
tion of declination is in the soirfhern hemisphere the 
reverse of what it is in the northern.^® 

Mr. J. A Broun has shown (as -was first indicated by 
Sabine that at the eq[Tiator the foxrm ot the solar ditimat 
declination variation reverses itselfi at the equinoxea, at 
which time there is an extinction of hhe mean movement^ 

4 O orresporvcLence between h the sho'y^ter sun spot ^nfiequal%- 
Ues conci the shorter deol'onnat%on 'range inequcdities — 
Professor' Stewax’f^^ has exhibited hhe intimate nature of 
this correspondence^ and endeavoured to show that the de- 
cimation range inequalities invarialbly in pomt of time lag 
behind corresponding solar inequalihi es , a result which has 
since been to some extent confirmed Tby Mr EUis*^^ 

Mr. Ellis has likewise shown sl similar correspondence 
between solar inequalities and the inequalities of the hori- 
zontal component of the earth^s magnetism 

5 S'UbspecUct progress from west to east of deeMmmUon 

range — Shortly before fihe appornknent of the 

Solar Physics Committee, Pirofessor Stewart, in conjunction 
with Morisabro Hiraoka,^^ brought evidence to show that 
declination range inequalities tiavel from west to east, 
and faster than ordinary weather. In this respect Tre- 
vandrnm was found to lag 9 7 dnys behind Eew This 
has since been confirmed by comparing together the dech- 
nation ranges at Kew and Prague, and, lastly, by a com- 
parison of the declination ranges at Toronto and Kew. 

6 Gomparisorh between the decl'incbtion curves at Story-- 
hurst ctnd JSew. — limited comparison of this nature has 
been made by the Eev Waltei Sidgreaves and Piofessor 
Stewart,®^ who found that during times of compaiaiive calm 

B 3 
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IS an absolute identity bet’W'een ths deelmation chan 
at the two places Owing times of disturbaoce, iowevo^^^ 
the changes at Stonylitltst exceed those at Kew by 
amount which appears to depend on the abiuptness of tOa 
disturbance, 

7. WorM/r^g hypotheses of the comtemon between m^n spots 
amd mwgneUc — Bcofssor Stewart has bu^- 

gested that magnetic diurnal Afailations may be due to con- 
vection currents in the upper regions of the atmosphiex*o 
moving across hnes of magnetic force, and inasmuch 
rare air is a conductor being thus animated by magneto - 
electric currents which, in addition to their direct influetiCO 
on the needle, will redact upon the magnetism of the eartbt^ 

On the supposition that the sun has most heating' 
power at times of maximum sun spots, this would expla^in 
why on such ocousions we have maximum declmatloia 
ranges. 

CONNEXIOlir BETWEEN SOLAE PHENOMENA AND TeBEES-- 
TBIAL MeTEOBOLOGY 

(1.) Frelmrcmary explanaUon 

She connexion between the state of the solar surface 
terresfewd meteorology has also been the subject of con- 
lAderaMe discussion In the foUowing statement leferencen 
are given to the ohservers who have sought to establish tluXB 
connexion, and to the conclusions at which they have 
severally arrived For the purpose of this review, whiclx 
does not aim at pronouncing any decision on points still in. 
doubt, it IS sufficient to indicate the sources of the evidence 
which has been put forward in support of the opinion tlxaifc 
a connexion between meteorology and the state ot the sun^H 
mxc&m can be estabhshed We have, therefore, not specially 
noticed thu opinions of those who are not satisfied with 
evidwce m favour of sudi a connexion. 

(t) Bwtomdfic pfesmre 

In 1871 Mr Joseph Baxendell,^ from an analysis of eleven 
ywrs of the Baddiffe Observations, Oxford, came to the eon- 
dudon that m the years near maximum sun spot frequency 
14# maximum barometric pressure took place under north-- 
^t Winds and the minimum under south-west , but ixk 
years near minimum spot frequency the maximum and mini- 
mum pressures occurred respectively under nortk and sotitli.- 
winds , 

fit# likewise remarked that the forces which produce the 
movemente of the atmosphere appear to he more energetic 
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in ymm near maximum than in years near minimum solar 
activity 

Meteorologists in India, including Messrs Archibald, 
Blanford, Broun, Ohas and "Fred Chambers, Eliot, and 
Hill, have studied with much attention the abnormal varia- 
tions of barometric pressure m the tropics If we regard the 
distribution of Isobaric lines we shall find that the Indo- 
Malayan region is one which for the mean of the year has 
a barometnc pressure probably below* the average of the 
earth generally. Now during years of poweiful solai 
action we might imagine that this peculiarity would be 
increased And this is precisely what these Indian obser- 
vers have found for years with most sun spots 

On the other hand, Western Siberia m the winter season 
has a pressure decidedly above the average, and we should 
therefore imagine that durmg years of powerful solar action 
the wmter pressure would be particularly bight This, 
again, is the state of things which Mr. Blanford has found 
in his discussion of the Russian stations to coi respond 
with years of most sun spots ^ 

Mr F Chambers ^ has likewise enunciated the following 
laws for the Indo- Malayan region as resulting from his 
discussion of vaiious meteorological lecords — - 

(1 ) Vaiiations of the sun spot area aie succeeded some 
months aftei wards by corresponding abnoimal 
harometiic variations, a high baiometer corre- 
sponding to a minimum of suu spots 
(2 ) This lagging behind is greater tor easterly than foi 
westerly stations 

( 8 ) TemypemtwQ 

Ml Baxendell, in the memoir (juoted above, deduces the 
condumon that the distribution of temperature under 
different winds, like that of barometric pressure, is very 
sensibly influenced by the changes which take place in solar 
activity 

In 1870 Piofessor Piazzi Smyty^ pubhshed the result of 
an impoitant series of observations made from 1837 to 
1869 with theimometers sunk in the rock at the Royal 
Observatory, Edinburgh He concluded from these that a 
beat- wave recurs every 11 years and a fraction, which he 
believes to be connected with the sun spot cycle 

In 1871 Mr E J Stone^® examined the temperature obser- 
vations recorded durmg 30 years at the Cape of Good Hope, 
and came to the conclusion that the same cause which 
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leikds to an increase of mean annual temperature at the Cape 
leads equally to a dissipation of sun spots 
Dr W Koppen,^^ in 1873> discussed at great length the 
connexion between sim spots and terrestrial temperature, and 
found that in the Tropics the maximum temperature occurs 
Mly a year before the year of minimum sun spots , while 
m the zones beyond the Tropics it occuis two years after 
the minimum ^ The regularity and magnitude of the tem- 
perature wave is most strongly marked in the Tropics 
Mr Blanford^ has recently shown that in certain Indian 
stations a low annual temperature is associated with, if it 
IS not (mused hy, an unusually large rainfall and a great 
amount of clouds This is a result in accordance with 
the conclusions previously enunciated by Professor Piazzi 
Smyth*^ Records of maximum and minimum temperature 
must not therefore be too closely associated with maxinnun 
and minimum of solar action 


♦ (4) Storms 

Dr Meldrum,^ of the Mauiitius Observatory, found m 
1872, from an analysis of the lecords of about 30 years' ob- 
servations, that there are most cyclones in the Indian Ocean 
in years when there are most sun spots, and fewest cyclones 
when there are fewest sun spots 

Ik 1873 M. Pbey® pointed out a similai coincidence 
between the hnmcanes of the West Indies and the years 
of iDaximum sun spots He enumerated 367 humcanes 
hetween 1750 and 1873, and stated that out of 12 Tng.-!riTnq 
10 agreecL 

In 1877 Mr Henry Jeula, of Lloyd’s, and Dr Hunter^® 
found that the per-centage of casualties on the registered 
Tessels rf the United Kingdom was 174 per cent greatei 
dtmi^ the two years about maximum than during the two 
years about minimam in the 11-year cycle 


(5.) Mamfall — Imgkts of nmra a/nd lakes 

In 1872 Dr. Mddram® showed that the ramfeUa at 
rn^m (observed anee 1851), Adelaide (1839-18601 

greater generally in the 
i^xunum in ike minimum sun spot years Shortly 
Mr.^^kyer - stowed that the same 
JJm ito rainlalk at the Cape <'1847-18701 and 
D, CL,. 

Sfffltebcs TO India, examined the rainfall at Madras from 
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1810, and concluded that the years of minimum rainfall 
and of greatest fammes -were not far from the epochs of 
minimum sun spots Mr Meldrum found that this law for 
ram held for 18 out of 22 European observatories (with an 
aveiage of 30 years' observations foi each) 

In 1873 Gustav Wex“ exammed the lecorded depth of 
water m the Elbe, Rhm^ Oder, Danube, and Vistula for 
the SIX sun spot periods from 1800 to 1867, and came to the 
conclusion that the years in which the maximum amount 
of water appeared m these rivers weie years of maximum 
sun spots, while the minimum amount of water occurred 
durmg the years of minimum sun spots This conclusion 
has since been confirmed by Piofessoi Fritz “ 

In 1874 Mr. G M Dawson, m America, analysing the 
fluctuations of the great lakes, came to a similar conclusion 


III— ACTION OF THE COMMITTEE. 


Adminisxba’xivj5 Work. 

(1.) General Remarks. 

The Committee have had 40 formal meetings In addi- 
tion to this seveial members of the Committee have carried 
out special blanches of the inquiry, which will be refened 
to subsequently. 

Mr. Lockyer, as arranged when the Committee was 
appointed, has been charged with the general conduct of the 
observational and expeiimenfal work at South Kensington. 
Mr H. A Lawrance was appomted temporary assistant in 
June 1879. 

To attain the objects which will be more fully detailed 
in the sequel the Committee have been m correspondence 
with the Indian Government, the late Astronomer Koyal, the 
Directors of the observatories at Wilna, Melbourne, Mauritius, 
Kew, Moscow, Toronto, Pans, Palwmo, Prmoeton, the Chief 
of the Aimy Signal Service, Washington, and with Dr. 
Warren De La Rue. From all of these promiseS^of valuable 
co-operation and assistance have been received. The thnnlrfl 
of the Committee are especially due to the late Astronomer 
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Boyal for tlie mamier in which he has placed all the infor-» 
ittafeon bearing on the subject in the Royal Observatory 
at their service^ 


(2») Circular to Solctr Observers, 

The 0(Hnmittee aftei a preliminary inquiry into the sub- 
ject matter on which they had been requested to report, 
considered it desirable to communicate with men eminent in 
solar inquiry, with a view of obtaining suggestions and 
ascertaining to what extent they might hope for help* 

The text of the circular letter is as follows 

Science and Art Department, 

South Kensington, London, S.W., 

SiE, 31st day of December 1880. 

I HAVE been requested by the Committee appointed 
to advise on the methods of cairymg on observations in Solar 
Physra to forward to you the accompanying documents 
You will perceive that the Lords of the Committee of 
Council on Education have taken fnto Consideration some of 
the recommendations of the Royal Commission on the 
advancement of Science^ supported by the representations of 
various scientific men in favour of the establishment of an 
Institution for research in Astronomical Physics. In the 
&st instance, Professois Stokes and Balfour Stewart, and 
General Strachey, R.E, weie requested to leport how far 
the observations to which the memorialists refer might for 
the present be conducted with the means already in existence 
at South Kensington, supplemented by such observations as 
the Indian Government are either already making or might 
be found willmg to undertake. 

In consequence of the report of these gentlemen the 
Gov^ntt»ni appointed a Committee consisting of Professors 
Stoker and Stewart^ Genemil Stmefa^, R E., Mr 

Norman Loclg^er, Captain Abney, R.E, and Lieut -Col. 
Donndiy3^E., with certain funds at their disposal, to make 
trial of, and adviSe ds to, tiie methodfi of carrying on and 
reducing such observations. 

^*TMs Committee has now been in existence for more than 
a year, and the mam points to which they have directed 
tbeir attention are shown in th^ printed page of this letter. 
It has seemed desirable to them that I should communicate 
to fm\i and others interested in the subject their views 
regmdmg &dtf Ee^aroh, in the hope that you will favour 
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them with any suggestions that may oooar to you, and 
infom them to what extent you may feel yourself able to aid 
them in their work 

“ I have the honour to be, Sir, 

" Your obedient Servant, 

“ G. G. Stokes.” 

The “ pnnted page ” referred to in the above circular as 
showing the main points to which the Committee had 
directed their attention runs as follows 


The Collection and Publication of Existing Observations 

“ The Committee conceive that the past trustworthy ob- 
servations of sun spots should be collected and published in 
such a manner as to give the positions and areas of the 
different groups observed with leasonable accuracy 

“To nwke a beginning m this. direction they have, mth 
the assistance willingly accorded by solar observers in various 
parts of the world, ^awn up a catalogue of the datw and 
places of such existing observations, which catalogue is now 
being printed and will be forwarded to yon. • 


Daily Obsei nations of Sun Spots foi the future. 

“ The Committee are of opinion that it is important to 
establish solar photographic observations for the future on a 
basis such as may reasonably be expected to give a picture 
for every day, by utihsing the lesults of observationB in 
different parts of the earth, and avoiding thereby those 
mterruptions of the record that must occur in any single 
locality. 


Aetinometric Observations, 

“ The Committee attach much importance to actinometrio 
results, as likely to aid m the solution of the question of the 
sun’s variability 

“ As it is evident that the earth’s atmosphere materially 
influences the records of solar radiation even when the 
sky IS apparently clear, the Committee would mainly rely 
on observations at great heights, and even then would use 
IE connexion with J^eye observations a subsidiary automatic 
instrument. This instrument by indicatmg from raoment to 
moment the variation in the radiation of the sun would give 
valuable rheans of conti oiling the eye observations. 
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subsequent action of the Committee may be made quite 
clear^ this coiiespoudence and the Memorandum which gave 
rise to it are given m this place 


Memorandum hy Mi Lockyei, 

26 June 1877 

In accordance with the request made to me, I beg to 
send the following remaiks on the Despatches dealing with 
the Indian instruments — 

1. Let me premise that solar research is now being 
specially carried on in Europe at — 

(1.) Potsdam, in the hew Sonnenwarte 

(2) Pans, in the new physical observatory 

(3 ) Kome and Palermo 

(4.) South Kensington, in connection with the Science 
and Art Department 

(5.) At Grreenwich, Wflna, and other places it is carried 
on in a less special way 

2 In these Euiopean obseivatories, however, especially 
in the more noithein ones, we are attempting to make 
bricks without straw, that is, the climate is such that the 
observations are often inteirupted, at times for weeks 
togethei, while, m addition to this, in wmtei the sun’s 
altitude IS so small that fine work is impossible. 

3 While this state of things holds in Europe, in India, 
on the other hand, one has an unlimited and constant supply 
of the raw material, by which I mean that here one can, if 
one chooses, obtain observations of the finest quality in 
sufficient quantity all the year round I may even go further, 
and say that^ limiting my remark to English ground^ wch^tve 
in India jm^noply of the raw mateilai% 

4 I learn from the papers sent to me, that although 
most of the necessary instruments are already out in India, 
there is no immediate prospect of the establishment of a 
solai observatoiy on an extended scale for the purpose of 
securing observations ovei the whole fiield 

5. Although students of science cannot but legiet that 
this IS so, still there is no doubt that the new European 
establishments to which I have referied, and the proposed 
Eussian ohseivatoiy noith of the Himalayas, render observa- 
tions in India, over the whole field, of less vital importance 
than tliey were when the Indian ohseivatory was first 
suggested 
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the Talae of the advice I can give, but 1 am second to none 
m the auxietjr I feel foi the progress of this work. 


From the Secretary of State for India to the Gove? mi 
Geneial of India m Council, 

India OflS.ce, London, 

My Lobx>, 28th September 1877 

Paba 1. With refer ence to yom Industry, Science, 
and Art Despatch, No. 3 of 1877, dated 16th Februaiy, 
requesting that the instruments recently m use at Rooikee 
observatory might be foi warded to this country, I have to 
acquaint yon that 1 have leceived from Mr. Loctyer, well 
known in connexion with the study of solar physios, a 
memoiandnm* on the subject of the photoheliograph, a copy 
of which is forwarded herewith 

2. Having considered the suggestions made by Mr 
Locky^f, and viewing the fact that a study of the condition 
of the sun^s disc in relatioti to terrestrial phenomena has 
become an important part of physical investigation, I have 
thought it desirable to assent to the employment, for a 
limited period, of a person qualified to obtain photographs 
of the sun’s disc by aid of the instiument now in India, on 
the terms explained in the letterf that I have caused to be 
addressed to Mr Lockyer, a copy of which is enclosed 

3. The photographer engaged for this duty will leave this 
country about the beginning of November, and on ariival 
may probably be best placed under the orders of the 
Superintendent of the Trigonometrical Survey, who, in 
communication with Oolonel Tennant, might propose foi 
the consideration of yout Excellency’s Government the 
detailed measures for pving effect to the plan of operations 
suggested by JCookyer. 

4 It wtE he distinctly understood that the expense of 
making these observations shall be restricted to what is 
essentm for obtaining the photographs, and that no outlay 
18 contemplated for buildings or other appliances other than 
of a purely temporary character, the cost of which will be 
cornpaiatively insignificant . The photogiaphs will be sent 
to this country for future examination 

5. The stand of the photohehogiapli will be retained in 
India, and a fresh tube will be sent there to replace that 
used by Colonel Tennant, which should be sent here as 


Bated 26tli June 1877 
t Dated tSth Beptembei 1S77 
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proposed The other instruments may also be sent to 
England, and will be placed in the custody of the SoienoO 
and A.rfc Department which has offered to take charge of 
them 

I have, &o 

(Signed) Salisbubv. 


India Office, Westminster, B.W., 
Sib, 24th October 18Y7. 

With reference to my letters of the 31st Auguat 
and 15th September regarding the engagement of Mr. M". 
Meins as solar photographer in India, I am directed by the 
Secretary of State for India to forward herewith, for your 
information, copy of a despatch, which has been addressed 
by his Loidslup to the Government of India, from whioli 
you will perceive what steps have been taken to carry out 
the su^estions and recommendations made by you witli 
regard to the observation of solar phenomena in India. 

1 am also to acquaint you that a communication has bcoit 
made to the Astronomer Koyal from this office, requestiufg 
him to favour the Indian Government with the loan of a 
photohehograph tube to replace the one about to be sent 
home for examination, 

_ 018 Lordship considers that Mr. Meins should take with 
hh» a sufficient supply of chemicals to enable him to com - 
•meace his obseivations with as little delay as possible oa 
arrival m India. I am to request you, therefore, to be good 
enough to state what steps you would propose to take to 
ensure the provision of the necessary chemicals, and to 
charge yourself with the task of purchasing an adequate 
stock at a cost not exceeding 30/ 

I am to request you, in conclusion, to inform Mr Meins 
^ he should hold himself in readiness to proceed to 
Calcutta ahtmt the heginning of November, and that mx 
adva^ of cme UKMrtVs pay, oalcukted Ut the exchange of 
Is. 9id. to the rupee, will be made to Mm. 

Iam,&o, 

T AT T 1 Louis MAtUEu 

J Norman Lockyetj, Esq^ F R S 


December 1877, Professors G G Stokes and 
Ewmr SteTOri. and G-eneral Strachej, in a letter wMoh 
they addieseed to the Right Hon Viscount Sandon, M.P., 
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then Vice-President, referred to the action which had been 
taken as follows :~ 

‘'While the climate of our own country is such that 
it would only be attempting what could he better done by 
other nations, to engage largely at home in continuous 
observations of the kind under consideration, some of the 
foreign possessions of England oflEer such rare advantages for 
cairymg them on that the nation seems called upon to turn 
them to some account 

''In Noithern India, for example, we have the advantages 
of great elevation and a low latitude, combined with a 
sufficient degree of civilisation, to render easy the mauguia- 
tion of a series of systematic observations, though not the 
establishment of an institution for experimental research 
Airangeinents have been made for sending out to India 
a highly intelligent sapper of the name of Meins, who has 
been trained by Mr Lockyer, and will be employed in tahmg 
photographs of the sun under the direction of Colonel Walker, 
with whom, of course, will rest the choice of his destination/’ 
Thus from the beginning of 1878 s6ki photographs were 
regularly taken at Dehia Doon m North-western India, under 
the superintendence of the Survey or-Greneral of India 
These have been foiv\arded to South Kensington, and are 
now in process of being reduced by the Committee 

Unfoi'tunately the observei, Mr Meins, late of the BE, 
sent to India from this country, after having been tiainecl 
^\t Chatham and Soutli Kensington, died on the 31st March 
] 879, and the continuity of the Indian daily record was thus 
broken until its lesumption in Decembei 1879 In August 
the Go\ ernment of India requested to he mfoimed as to the 
importance of the continuance of the records interrupted by 
Mr Meins’s death, and the following letter was sent in 
reply — 

From the Chairman of the Solai Physics Committee to the 
Undei S^eretaiyofStatefoi India 

Science and Art Department, London, S W. 
SiK, 27th November 1879 

In reply to your lettei dated 10th August 1879, 
inviting remarks relative to the impoitance of continuing 
certain solar observations which were lecently instituted in 
India^ and suggestions as to future arrangements if it should 
be decided that the ohseivations are to be continued for an 
indefinite period, I beg leave to submit to you, for the in- 
foimation of Lord Cianbrook, the following explanation 
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la their geneial report tlie Soiewoe OoiBDQissioaers r6- 
comiaended the establishment of a system of physical (as 
distagmsbed from astroaomioal) observations on the snn, 
and pointod oat the advantages which Northern India offers 
for this study A memorial was more recently piesentedl 
to Government) signed by a number of onr leading scientific 
men, urging the carrying out of this recommendation 
In comphance with these recommendationa the Butish 
Government, as a preliminary step, appointed a Committee 
on Solar Physics, whose duty it should be to make trial of 
methods of observation, collect observed results, &c, and 
who were specially charged with the reduction of such ob- 
servations as should be made m India, As a consequence of 
this arrangement the Government of India authorised the 
employment of the late Mr. Mems for the purpose of taking 
photo^aphs of the sun in India, and a series of such photo- 
graphs was pi^epiared by him and has been sent home to bo 
dealt with. The following brief statement will show how 
superior the climate of India is to our own for observations 
of this kind The Astronomer Royal has been so kind as 
to furnish the Committee with a list of the solar photographs 
taken at the Royal Observatory during the period 21st July 
1873 to 18th July 1879, over a part of which Mr Meins' 
work expended# It should be mentioned that in both places 
alike idle rule was to take three photographs daily, in the 
morning, about noon and in the afternoon, w^hen clear views 
of the sun oould be obtained. In the rare cases in which n 
fomth photograph was taken in the same day in India, it is 
not included in the following hst i — 


Total iiumfeer of days dunag"' 
which both mstruments were 
working simultaneously be- 

> 884 


tween February 11th, 1878 
and March Slst, 1879 - 

1 

Ineia. 

Total nmhet of photographs, ' 
Heducong where four or mote 

t 207 

872 

been taken to three - J 

dumber of days on which one at" 
least was taken 

1 

1 148 

342 

If umber of days on which no' 
^otograph was taken 

J 

i* 2M 

42 


^No correction has been made for the non-takmg of photo- 
^sphs at Greenwich on Sundays 

fhe total number of photogiaphs the maximum numbw 
tak^ mj onf day has been taken as three. 
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The actual returna are enclosed as an Appendix B and C 

It so happens that for the last year or two the sim has 
been in a condition of unusual quiescence, so that m the 
whole series of photogiaphs sent home by Mi. Meins there 
weie only two ^ or three small spots But it is well esta- 
blished by previous experience that the sun passes alternately 
tliiough a condition of few spots and many spots, the whole 
period of the change being about 11 yeais We are now, 
according to the reckoning, enteiing on a period of solar 
activitys and already spots have begun to appear The 
present time and the immediate futme form, therefoie, a 
period of special interest for the obseivation of solar pheno- 
mena And though the immediate object of the memorialists 
in advocating a moie active study of solar physics was an 
increase to our scientific knowledge, it is hard to say what 
beaimgs such an increase may not have upon the practical 
concerns of life Theie is some reason to tWk that rneteo- 
lologioal conditions bear traces of a peiiod similar to that of 
solar activity as manifested by spots, and it has been con- 
jectured that the droughts and consequent famines which 
from time to time have devastated portions of our Indian 
empire show something of a similar period* Should a 
further study of solar phenomena lead to even an approxi- 
mate forecast of the liability to such terrible visitations, it is 
needless to say of what practical importance it would theieby 
become. 

As has been already explained the Committee were 
appointed as a temporary measuie to prepaie the way for 
something of a more permanent and systematic nature, and 
it IS to aid them in this woxk that the Indian obseiva- 
tions have been asked for. What shape the research may 
permanently take it la imposaible at the present time to 
predict 

In view of these facts the Committee is of opmion that it 
IS of special importance that the series of Indian sun photo- 
graphs should be resumed as early as practicable, if, as is 
feared, they have been interrupted, and should be continued 
without break at all events foi thiee or four years to come, 
the present period of increasing solai activity being one of 
peculiar scientific inteiest. 

The Committee further suggest that the Surveyor-Geneial 
of India, under whom Sergeant White, the successoi of 
Mr Meins, will be employed, might usefully be inati noted 
to cause one or more native employ^a of the Suivcy Depait- 
ment to bo instiucted in the piocess of solai phologiaphy, 
so that risk of mteriuption of the series fiom sickness, &c 
E 824. 0 
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of the Enropean photographer may be guarded agaiUBt m the 
future. 

It IS believed that skill m the neoessaiy manipixlationB for 
successful photography could be leadily acquired by in- 
telligent natives, and that when this had been done lurihor 
assistance from this country for the supply of photographers 
would not be needed 

I have, &o. 

(Signed) G. G* Stokes, 


This letter \yas submitted by the Secretary of State for 
India in Council for the consideration of the (Ttovornnient 
of India, and in February 1880 the India Office aequaintod 
the Committee with the measures taken to resume Iho 
series of daily photographs of the sun’s disc, viss., tliat 
Major General J T. Walker, Surveyor - General of 
India, had espiessed his readiness to undertake the Holir 
photography as a part of the operations of the ^J’rigono- 
metn^l Suiwey Office at Dehra, undei the BupervWou of 
Mr Hennesey, but that he inquired as to the desirability 
of taking larger pictures than those now obtained from the 
motohmograpb In compliance with Major G-eneral 

Walkei B suggestion, the appointment of a European surveyor 
T scilar photographer was sanctioned, 

and the India Office requested the Solar Iffiyaics Com- 
mittee to give their opinion whether photographs on a 
.larger scale might be preferably taken. 

As to this point Mr Lockyer undertook Some preliminar? 
experiments, and in August 1880 the Solar Physics Com- 
mittee reported to the India Office that by a small outlay 

^olacal use. The alterations ironld consist in replacing 
the ma^kfyiBg lens by one o£ shorter focus to CnabloVoto- 
graphsrf the snn to be taken of eight inches in diamSor 

Sfe diameter hitherto 

obtained The CoC^ttee proposed to tiansmit speounens 
of photo^tphs on this larger scale Details of the further 

b^d ^de, .be 

.»»fc ,ef soler phertegrepiy £ 
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matically at the Trigonometrical Survey Office at Dehra 
Dooiij and that that office possesses a sufficient number of 
employes to cany on continuously for the futuie the daily 
photographs of the sun, the taking of which was resumed in 
Deceinbei 1879 Since that date there has been a weekly 
despatch of pictui es fiom India to England At least two 
negatives have been taken daily in fair weathei, besides 
“ runs,’^ to show the state of instrumental adjustment Silver 
prints have been made of all the negatives A system of 
despatch in batches has been adopted by winch the loss of 
an entire consignment would leave half of the daily results 
foi any week available as a continuous record 

2 — Aetinometry. 

Professors Q- G Stokes and Balfour Stewart and General 
Stracbey, in then letter of the 11th December 1877 to the 
Eight Hon Viscount Sandon, MP, aftei commenting upon 
the suitability of Northern India foi a series of systematic 
observations of the sun, remark — 

“Moreover, the clearness of atmosphere, as judged by the 
eye, which frequently attends gieat elevations is by no 
means the only advantage which such situations offer If 
the varying condition of the sun does really affect the 
meteorological state of the oaith, it can hardly he doubted 
that it must be mainly, if not exclusively, through a varia- 
tion in the amount of heat radiation The existence of such 
vaiiations may possibly be inferied with greater or less 
probability from variations in the amount of sun spots or 
other visible changes . but this could only be as the result 
of a long continued senes of observations, and even then 
the connexion might remain more or less conjectural, The 
uatuial course would be to attempt a direct measure of solar 
radiation bj^ some form of actmometer. The subject of 
actmometry is not sufficiently advanced to allow us to say at 
once what is the best form of instrument, and what the 
best mode of using it But there is every reason to hope 
that a thoroughly satisfactory instrument could be devised 
after some further trial Whenever the mode of observation 
shall have been completely settled it will become a matter 
of the utmost consequence to choose a station of great 
elevation, whore as much as possible of the lower strata of 
tha enith’s atmospheie shall be got nd of. It is only in 
low latitudes that this advantage can be secured without 
going above the region of human habitations This con- 
sideration again points distinctly to Noithein India as a 
locality eminently suitable for continuous observations It 

C 2 
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Seoietary to the Government of India a report, from wlucli 
the following paiagiaphs aie extracted — 

“ The Famine Commibfeioneis lecommend that the investi-^ 
gations already on foot, of the supposed coincidence between 
tlie fluctuations of rainfall and the state of the sun’s surface, 
be continued The question of the suspected vai lability of 
the sun’s heating power, and that of the supposed influence 
of this variation on the lainfall and other meteor ological 
elements, have loceived much attention at the hands of 
seveial ofiicois of the Department, dating from the time when 
attention was fiist diawn to these subjects by Baxendell, 
Mekbuni, and Lookyei, and some conclusions have been 
indicated, which, subject to the veiification of future expe- 
iience, appear to have real value, I think, indeed, there are 
fan pnmd fame grounds for the conclusion that the solar 
heat x,s subject to a cyclical variation, coiresponding with the 
now well known vaiiation of the sun spots, Moreover, a 
ceitam coincidence has been traced out by Mi, Meldxum 
between this variation and that of the lainfall of the globe, 
and by others with that of the temperature of certain regions, 
of the barometric pleasure of otheis, and of some other 
elements But these peiiodical variations are so small, and 
so much inaiked and intcnupted by others of far greater 
magnitude, m which no peiiodicity has been detected, that 
we liavo not any pieseni leasoii to icgard what is now known 
as the sun-spot cycle, as of much aid in loi ecus ting the 
piobablo vicisHitudes of the lainfall of India 

The only pai tial exception, if indeed it proveto be one on 
luither exponexice, is affioided by the piovmce of the Oai natic. 
In the case of the presidency town of Madras, it was first 
shown by Mi Lockyer, and afterwards on a more extensive 
basis of data by Mr. Pogaon and l)r. Hunter, that the rain- 
fall register of the Madras Obseryatory shows fiuotuatrons, 
the maxima and minima of which kccord approximately with 
those of the sun-spot cycle , and in the review of the lainfaU 
registers of the whole province of the Oainatic, which I hare 
undertaken as a pait of the woxk rcfeired to in paragraph 48, 
I have ascertained that a similai fluctuation is very distinctly 
maiked iii the rainfall of the whole province during tne 
years 1863 to 1876 But, from that epoch, the supposed 
law has faded of verification ; and it is, therefoie, still a 
matter of some doubt whether its apparent assertion in these 
14 years is more than a fortuitous coincidence. 

^ “ While, however, I am unable to concede to the conclusions 
hitherto placed on recoid that degree of importance which 
has sometimes been claimed for them, as avoiding rules of 
guidance for the prognostication of scarcity and famine, I am 
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Mly in accord with the Famine Commissioners as to the 
importance of following up such clues as they afford^ and of 
parsumg with all the means at our command the investiga- 
tion of the class of phenomena to which they belong It lias 
happened again and again in the past history of science, that 
bypotbeses^ which, m their onginal form, were more oi less 
erroneous, have nevertheless been most fruitful in then 
results In giving system and definite pui pose to research, 
they have served a most useful office, and, although the 
couise of then verification may b^we lesultecl in demonstrat- 
ing their eiror, the same piocess has brought to light tbc 
germs of new and unsuspected tiuths, which might have 
long remained hidden but for the stimulus to mvestigaiion 
affoided by rejected theories 


'‘One branch of inquiry, which has undotibtedly leceived 
much stimulus since the supposed variation of the rainfall 
with the sun-spot cycle, has bi ought into vivid pi eminence 
the unquestionable fact that all meteoi ologicnl phenomena 
depend on, and must vary with, the solar heat, is that of the 
physical changes of the sun itself, and the probable vaiiation 
of its radiant intensity The visible physical changes of the 
solar surface are a subject for winch data aie being collected 
by the officers of the Gieat Tiigonornetiical Suivey under 
General Walker, and I understand that new and moie 
powerful mstiuments than that hitherto employed will be 
placed at their disposal for photogiaphing the solar disc as 
soon as they can be obtained from England Mr Hennesey, 
of the Great Tngonometrical Suivey, has also made impoitant 
observations on the radiant energy of the sun, and I have 
lately had compared at the Ahpore Obseivatory a Stewart^s 
actmometer which has been sent to him for Ccinymg on these 
observations with greater advantage Observations with a 
®!^ai instrument have been made legularly at the AIipoiU 
Observatory during the past yeai, and have been lately sent 
home to the bolar Physics Committee for examination and 
I intend to continue these observations, which 
c^hardly fail to yield some facts of value j but the skies 
ot Calcutta are by no means favomable for such woik , and 
thei more preliminary steps have been taken to obtain aciino- 
metao observations fiom L6, the elevation and clear atmo- 
sphere of which station promise most satisfactory results 
An actmometer has been leceived from home foi use at Le 
and 18 now bemg compared at Alipore, and 1 have been in 
commnmcation with Mr Ney Elias (who has piomised to 

^ arrange-* 


The only step of importance that remains to he taken 
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in connexion with these obseivations is the provision of a 
competent ohservei In a repoit by Professors G G Stokes 
and Balfoni Stewait and General Strachey, presented to the 
Lords of the Committee of Council on Education (dated 
nth Decemhei 1877), after pointing out the suitability of 
L6 for observations on solar physics, it is suggested that 
an intelligent sapper tiained in England should take the 
observations On tins point, Mr Ney Elias observes 

“■ i\s regards «apeison to take the obseivations, an European 
would ceitai^ly do bettei work than a Hatne But it 
would depend a good deal on the man selected whethei 
he would be able to get on here or not , if he chanced to be 
a quiet-going individual, who would not mind the solitude, 
the rough living, and the cold, &c , I fancy he might manage 
very well. You will easily see that in a place like this 'it 
would be most awkward to have a tioublesome oi dis- 
reputable European. But, on the other hand, there would 
be no question about the efficiency and trustworthiness of 
the work if done by a trained European, while the present 
observatory would also benefit, and might even be extended, 
if he were made chief observer, in addition to his duties 
with the aetuiometer Again, if I weie to be tiansferred, 
01 weie to be absent for any time (as I often am), you would 
still be able to lely on the work being earned out” 

“ Tlieie IS no doubt that, as Mr Hey Elias well points 
out, an uneducated European would be exposed to some 
temptations, arising fiom the solitude and the cold, and on 
this account I do not think it would he advisable to count 
on the employment of an European for an indefinite period 
at so remote and inhospitable a station as Ld But there 
would be so many advantages in having the work staited 
and oariied on, say, for a couple of years by a well-trained 
‘European, that I thunk the suggestion offered by Professors 
Stokes and Stewart and GenerM Strachey should be adopted, 
and since an assistant would be lequired both for the aclino- 
metne work and the meteorological ohseivatory, a well- 
selected English-speaking native of Tipper India should be 
sent up with him, and on the return of the latter to India, 
would have become competent to cany on the work m his 
place 

“ There is another reason why I am disposed to adopt the 
suggestion that an observer should he selected and sent out 
from home In a subsequent report of Professor G G- 
Stokes, adopted by the Committee on Solai Physics, it is 
recommended that, in conjunction with the observations of 
the actmometer, those of an instiument devised by Mr. 
Winstanley and modified by Captain Abney, whicli gives 
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meteorological work, which needs] continuity of skilled 
supervision, should suffer no inteiriiption His Excellency 
in Council has, therefoie, decided to apply to the Secietaiy 
o£ State for the services of a duly qualified officer. 

Mr Blanford furthei lecommendedthat atiained Euio- 
pean should be sent up to Ld to start these obseivations and 
instruct the permanent Native observei attached to the 
observator}''. The Solar Physics Committee have volunteeied 
to select a sapper of the requsite qualifications in EngLuid, 
wffio will be theie msfciucted in the use of the Winstanley 
instiuinent as an adjunct to the actinomeiei. The teim of 
his engagement should, xt is proposed, be foi two years, at the 
end of which the native assistant observer at Ld will 
probably be able to conduct the woik without furthei 
supei vision. The pay of the sapper is estimated at Rs. 250 
pel mensem, and that of the Native assistant Rs 150, or an 
annual expenditure of Rs 4,800. The cost of the \Yinstanley 
inatiumeiit would be m addition to this/’ 

On receipt of this oommumcation the India Office requested 
the Solax Physics Committee to recommend a trained sapper 
capable of conducting actinometiic observations, for employ- 
ment at L6 foi two years, on a monthly pay of Rs. 250, 
and inquired the probable cost of the Winstanley mstru- 
mont” And the Oomxnittoc at once arranged that in- 
quiries should be made for fit and available men, and they 
subsequently appi cached the deputy Adjutant Greneial, Royal 
Engmeeis, on the subject The War Office in reply stated 
that a suitable non-oommissioned officei of Royal Engineers 
could be named for obsei ving at on application being 
made fiom the India Office, the man being transfeired to the 
Indian estahhslnnent during the time of his employment, and 
the India Office were informed aooordinglyi 

3 — JEarth Thermometers, 

The Committee in the year 1879 explained to Sir George 
Airy the work which they pioposed to undertake, and 
expressed then hope that they might rely upon his co- 
operation In his reply the late Astronomer Royal, whilst 
reviewing the lemarks of the Committee, directed special 
attention to the use of earth thermometers in the following 
terms 

In the report, dated 11 December 1877, Article 9, 
allusion IS made to the importance of direct measurement 
of the sun’s radiation I venture to remark that experience 
on the bioad scale leads me to believe that this may be 
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effeoteJ, perhaps, m the best way by the observation of 
thermometers whose bulbs are deeply sunk in the oavlli. 

“ Two days past I transmitted to your address a copy of 
‘ Eeduction of Greenwich Meteorological Observations 
1854-1873, 1849-1868, and IHaTth 1847— 

1873.' I ask leave to call your attention to Plato IX. and 
Plate X of that work, and to remark the following infere'nocs 
First, that the varying warmth of the surface, travollnm-’ 
downwards with diminished power (as is shown m botS 
plates), originates from an external eaii<ie, which cause m all 
probability^ is the solar radiation. Second, the mean tem- 
perature of the suiface and of lower strata (as is ahown in 
Plate X) vanes considerably from year to yoai, mdU-atma 
considerable variation in the energy of the external caune 
which (as is mentioned above) I conceive to Im the solar 
ladiation. 


“ Thermometers of this kind were first introduced at Pans 
and that example was followed successively at Edinburgh’ 
and at Greenwich I know not whether any obsei vatioiis 
tliermometers have been published. Those 
made at Edmbuigh (which are very complete) arc published 
by Professoi Piazzi Simth , they agree closely in thoir 
r^ults with those at Greenwich. But tho Edinburgh 
thermometers were destroyed about throe years past bv 
the act of a maniac, and those at Greenwich alone are in 
existence and active use 

+ 1 . expense of these tliormometors is small, and 

the trouble of using them is almost nothing. It apnea J to 
me very desirable that they should bo introduced in tlio 
scheme of Indian observations." 


" Another class bf observations which I have undertaken 
and which Sir George Airy considers may L uiful x”n 
lowing light on the question of the variability of tho sun’s 
heat, are those of the temperature of the ground. 

“ observations have now been made at Alinora for 

Allahabad. That tfiev^will 
aietooroljgicil 

1 entertain no doubt, and indeed they have abend u 
variations of tenmeratuie i ^owever, the 
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I think, open to much question And it is to actinometiic 
obseivations that we must look foi determining the very 
impoitant question of that variability 


4 — Photohehogi apks 

The Government of India having, thiough the India Office, 
called upon the Solai Physics Committee foi an expiession 
of their opinion as to the advisability of taking photogiaphs 
of the sun’s disc upon a larger scale than was then feasible, 
the Committee pointed out the alleiatioiis which would 
he necessaiy to enable such pictiues to be taken with the 
photohehogiaph then m use in India The India Office in 
reply sanctioned an expenditure of 10? to effect the necessary 
improvements, and requested the Committee to give instruc- 
tions for carrying out the work ^ 

In consequence of the modification of the secondaiy 
magnifier it became necessary to altei the camera, of which 
thiee modifications wcie tried, the last resulting in some very 
satisfactory pictiues, specimens of which weie forwarded to 
the India Office foi transmission to India During the time 
that these expeiiments were in piogiess the Government 
of India leveited to the doubts which had been laised as to 
the scientific value of the small sized piciuies of the sun 
pioduced by their photoheliograph as compared with the 
large photogiaphs taken in France by Monsieur Janssen, 
and having expicssed then opinion that a laiger and bettei 
instrument than that in use at Dehra Doon should be made 
available foi the purposes of (‘^airying on solar photogiaphy 
in Indin, the India Office requested the Solar Physics Com- 
mittee to state their opinion as to whether the contemplated 
alteiations in the then existing instrument would make it folly 
available for the purpose desired oi whether another instiu- 
menb should be provided. In the latter case it was requested 
that the Committee would specify the description of instru- 
ment which they lecommended and approximately estimate 
its cost 

The opinion of the Solar Physics Committee, which was 
communicated to the India Office, was as follows : — 

We aie of opinion that it has been established by our 
experiments that for a sum of about 251 a photoheliograph, 
similar to the one in use at Dehia Doon, can be made to 
give pictures 8 inches m diameter, at least as well as it now 
gives them of 4 inches diametei This sum is required to 
provide the instiumcnt with a new secondaiy magnifier and 
a biass extension of the tube, togetliei with a camera for 
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lO-inoh by lO-inoh plates. Theso additions to the insti-u- 
ment could be sent out and fixed in India, and could bo got 
ready within six -weeks fioin the receipt of the order. Wo 
aie of opinion that the above described alU'nitions of the 
photohelxograph in India would be of considerable service 
in forwarding research m solar physios, and wo recommend 
then adoption 

“ As to the opinion which General Walker appears to have 
formed that a more powerful instrument should bo, if possiblo, 
employed in India, we would remaik that from the experi- 
ments which wo have been making at South KoiiHington, 
we are of opinion that an instiument to give pictures of the 
sun 12 inches in diameter could be employed without anv 
difficulty in India. ^ 

« Such pictures have been taken at Boutli Kensington with 
an instrument for sj, great part of which we are indebted to 
loans , but we believe that a thoroughly offloient instrumont 
could be constructed for oOOH, and if ihut amount bo placed 
at our disposal we will bo glad to give the ncooHsary super- 
vision in the consti notion of an instrument to bo sent to 
India. 


“ At the same time, as, for tlio objects more immediately 
in view, the 8-moh pictures will no doubt suffice, wo arc 
anxious that it should ho understood that wo in no way urm 
tlm oonstruotion of the instrument for 12-inch pictures at 
% present time if there should bo any financial or adminis- 
trative objections to such n course. 

“The India Office at once sanctioned the expeiidituw 
newssary for the improvement of the existing instrumont, 
and aftei communication with the Government of India 
accepted the Committee’s offer to supervise the construction 
01 efficient instrument at a cost not exceeding fiOOf.” 

Committee, whilst anxious to give effect to the wishes 

V the sorioiiB 

of Z modification 

of the small photohehogiaph, mi they therefore placed 
their own modified apparatus at the disposal of the Indian 
Government upon their undertaking to defray its cost, and 
subsequently under similar circumstances the largo photo- 
hehograph belonging to the Soienoo and Art SSirtoent 
was made over to the Indian Govomment ^ 
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(4.) Instruments and Ohservatones 
In^t) uinents originally at the disposal of the Committee 

The instruments at the disposal of the Committee at the 
date of their appointment in 1879 were as follows,— 

1 A 6-iuoh telescope equatonally mounted with declina- 

tion^ and right ascension circles, made by Cooke, of 
York, the property of Mr Lockyer. To this instill- 
ment two spectroscopes can be attached One is a 
grating-spectroscope, the property of Mr Lockyci, 
with a grating made by Rutherfurd, having about 
17,280 lines to the inch , and the other is a spectio- 
scope with seven pnsms of 46® made by Browning, 
the property of the Royal Society ^ This instrument 
IS in a square canvas hut with a sliding roof 

2 A 3|-inch achiomatic telescope made by Cooke, of 

York, the property of Mr. Lockyei. 

3. 9J-iilch Biowning- with mirror with tube complete, the 
property of Mr, Lockyer, 

4 A sideiostat, made by Cooke, of York; this is the 
property of the Royal Society, and is lent to Mi. 
Lockyei 

5. A small induction coil, the pioperty of the Royal 

Society,'^ lent to Mr Lockyer. 

6, A Siemens’ dynamo-electric machine and lamp, lent by 

Dr Siemens, F.R^S., to Mi Lockyer 
6 A. An enlarging camera, the propeity of the Royal 
Society, lent to Mr. Lockyer, 

6b. a lathe. 

7. A 4-inch telescope with object glass corrected for the 

chemioal rays by Cornu’s method, leat by Dr Be La 
Rue. 

8, A short focus photographic lens of 6 inches aperture 

and smaller lens. These are the property of the 
Science and Art Department 

9 A spectioscope, the property of the Department, used 
with the Eutheifuid grating, the scale is observed 
by a second telescope clamped above the observing 
telescope 

10. A small heliostat foi use with the spectroscope. The 
property of the Department. 

11. An enlarging camera, lent by Dr, Warren Do La Rue. 


As tiustees foi the Government, the instiuinents having been jjaid for out 
of the Government Grant 
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3 . — Insti uments lent hy the A&tronome'i Royal 

The Astionoraei Koyal has also placed the followmo- 
instruments at the disposal of the Committee ° 

1 A photoheliograph for taking solar pictures 4 inches m 

diameter, made by Dallmeyer, togethei with the 
hut in which it stands This is now dismounted, 
the stand hawing been used for the Eclipse Expedi- 
tion, ^and subsequently tiansferred temporarily to 
the Transit of Venus Committee. 

2 6-inoh equatorial, by Troughton and Simms, with 

hut This also has been temporaiily tiansferred to the 
Transit of Venus Committee 


4 — Laige Photohehogi aph 

At the commencement of their labours, the Committee de- 
cided that one of the first things to be done was to take direct 
pictuies of the sun not less than 12 inches in diameter A 
6-inch object glass of a focal length of 9-feet, and cor- 
lected for the line G, was obtained from Mi Dallmeyer, 
this was mounted on a loiigh tube, and a 10 by 12-inch 
cameia was attached. A parallactic ladder was constiucted, 
and some trial plates taken , the p’ctiiies obtained bemg veiy 
satisfactory. A 15-inoh by 15-inch camera was attached, 
and the insti ument was mounted upon a moie iigid ladder 
Some good pictures were obtained, but as opportunities 
were frequently lost, owing to the necessity of moving the 
instrument in and out of cover, it was decided to have it 
mounted equatorially This ivaa done by Cooke of York, 
and the instrument was erected and pictures taken regularly 
on all favourable oppoitumties 

In March. 1880 a letter was received from tbe Indian 
Government, suggesting that it would be advisable to in- 
ci ease the size of the pictures being taken in India. As 
the Indian Government were anxious to take large pic- 
tures without furlhei delay, the Committee suggested that 
they should transfer their instiument to the Indian Govern- 
ment This offei was accepted, the Indian Government 
undertaking to pay foi the constiuction of another The 
instrument was accordingly tiansferred to the India Office, 
and has now arrived in India. 

The new 6-inch photohehograph is in couise of con- 
struction, and will be finished ui a month or so. 
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and a hut for the large photohehogiaph, with a revolving 
loof, have been constructed by the Works Department of 
the Museum. 


escnt Co7ubiton of the BuiUmgs. 

1 The 6-inoh equatoiial belonging to the Indian Govern 
inent la m a hut with a revolving i oof between the Western 
Exhibition GalloriGs and Queen's Grate, near the entrance 
to the Horticultural Society’s Garden 

2 Mr Tjookyei’s 6-mcli equatoiial is in acanvas hut with 
a sliding roof to the north of the Othei equatorial 

3 'fhe siderostat is in a hut running back on a tramway 

in the Horticultural Gardens ^ 

4 The small photoheliograph liut is also erected in the 
Horticultural Gardens 

5. The hut for the large photoheliograph and the photo- 
giaphic studio are erected on the vacant ground behind the 
post office in Exhibition Road 

All of these observatories are in a good state of repair 


(5 ) Sun Spot Catalogvc 

Among the duties of the Connnittco has been the 
collecting together of information regarding the sun which 
exists at proseiit in a scattered state and is not easily 
accessible With this object a catalogue of the sun pic- 
tures, taken by various institutions and private obseivors, 
has been already prepared; and this forms an appendix 
to the leporl of the Committee, page 77. 

In this catalogue, writteu jointly by Mr. Warren De La 
Rue and FroFesfior Stewart, will be found a dated list of 
known sun pictures to the end of 1877, which may be 
rogaidod as nearly complete, if we except some observa- 
tions made by Dr. 0. Hornstem, and ceitam pictures taken 
by Senhor Oapello, which have since been brought before 
the notice of this Committee. This catalogue contains in 
addition the total spotted areas, as well as the number of 
groups, foi each day on which the late Hofrath Schwabe 
made a picture of the sun It contains also a description 
and specimen of the way m which it is proposed ultimately 
to embody information regarding sun spots 

On the publication of this catalogue it was consideied 
desirable to communicate again with the directors of those 
observatories where solar work is carried on. The following 

R 824* , j) 
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Their first idea was that there were several graphic 
methods which would readily and rapidly give the data 
necessary for the Committee’s needs, it being undeistood 
from the first that several purely astronomical problems 
requiring elaborate calculation connected with tbe sun should 
be left out of their consideiation, and should be dealt with at 
Greenwich 

When, however, the Committee was strengthened by the 
appointment of the Astronomer Royal as a member they 
learnt that the determination of positions of sun spots at 
Greenwich was about to be simplified by giving up an 
attempt at accuracy which was, as a rule, not capable of 
realization in consequence of the indefiniteness of some of the 
phenomena. 

At the same time the Astronomer Royal oifered to under- 
take the daily determination of the positions and areas of all 
spots This ofiTer has been accepted by the Committee, and 
already some of the Indian photographs for dates subsequent 
to 1st January 1882 have been forwarded to Greenwich for 
reduction. 

There remains then for consideration the question of 
the measurement and discussion of photographs anterior to 
this date which have been received fiom India and elsewhere 
but have not yet been i educed. 

The ariangements at Gieenwicli will not allow of this 
back work being done there We would, therelbre, propose 
that an instrument similar to that now in use at Greenwich 
should be obtained fiom Messrs Troughton and Simms, and 
that the reduction should be performed in the same manner 
as for 1882, hut should be limited to those photographs onlj 
which fill gaps in the Gi eenwich series. 

We would propose that the instrument though of the same 
form and arrangement as that now in use at Greenwich should 
be constructed of such a size that the 8-mch and 12-inch 
pictures which we shall subsequently obtam fiom India can 
be measured on the same system as that at present employed 
for the smaller pictures 

The Astronomer Royal has expressed his willingness to 
obtam and tram an observer for this work , the expense 
would in all probability not exceed U or 5/. a month. 

(7 ) Measurement of Solar Radiation, 

1 Heat Actinometer, 

An actinometer constructed hy Professor Stewart was at 
au early period brought before the notice of the Committee. 

D 2 
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Look when the tidal water has all drained off. This record 
extends from the beginning of 1860 to the end of 1880 

At present it is impossible to deduce from these records 
the volnme of water which passes in unit of time across a 
section of these uvers; nevertheless the results give ns a 
good deal of information, for we may be suie that an increase 
in depth denotes an increase in the volume of the watei 
carried by the liver, and a decrease in depth a diminution of 
the same 

Kesults deduced from these records by Pi of. Stewart have 
been comrnunioated to “ Nature These results, when put 
into a graphical form, have led to the following conclusions : — 

(1 ) There is a considerable likeness between the Nile 
curve and that for the Eiver Thames. 

(2.) There appears to be a maximum in these curves at 
or somewhat after the date of maximum sun spots, 
but they have more than one maximum for ope 
sun spot cycle. 

In order to confirm these results Prof. Stewart has reduced 
m a similar luauuer the heights of the Emers Elbe and 
Seme.*'* He has split the whole number of observationB of 
these heights extending over a ceutury for the Elbe, and 
embiacing nearly a century foi the Seme, into two equal 
portions, and he finds that each of these portions for each of 
these rivers indicates a maximum height shortly aftei the 
sun spot maximum, and also another subsidiary maximum, 
not far from the time of minimum sun spots. 

Thus the chief difference between these oontmeutsl rjvcrs 
and the liivera Nile and Thames is that in the latter the 
second maximum la more developed, and is not subsidiary as 
it is m the former. 


(9.) The Eeltpse ef May 1882 

The importance of observations of this eclipse was brought 
before the Committee by Mr. Lockyer in May 1881, Mr. 
Lockyei and Captain Abney were then requested to draw 
up memoianda relating to the work whiph, in thew opinion^ 
should he done. 

These memoranda are as follows .—n 

“ The total eclipse of the sun which takes place m May 
next year will hevmhlq m such an accessible region that it m 
to he hoped that the precedents of 1860, 1870, 1871, and 
187S will be followed and steps taken to secure observations, 
the more especially as the eclipse will happen somewhat neaS 
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tram had not received the attention it must receive in the 
light of most recent inquiries, and it was taken for granted 
that because a laige number of lines were seen, theiefore 
they occupied the same positions as the laige number of lines 
Avhich compose the ordinary solai spectrum 

The recent work seems to show that the complete absorp- 
tion spectrum of any one element is produced, not at one 
level but at vaiious levels, the absorption of all the levels 
being added together to give us the complete result 

If this be so, the lines seen m the flash will not all be 
Fraunhofenc lines with the ordinary intensities 

A crucial test which can only be applied during an eclipse, 
and with difficulty then, will be to observe what happens 
during the flash to those lines which are specially picked 
out for intensification in spots and flames. We might expect 
to see the hnes untouched m spots, the lines thickened in 
spots, the Imes brightened in prominences, stretching to 
different heights 

^‘They would all appear to rest on the moon's limb, or on 
the sun’s limb if the cusps can be observed, because we aie 
dealing with the section of a spherical mass, or rather 
perhaps, of zones of concentric spherical strata 

To apply this test undei the best conditions, adjacent lines 
should be taken with cross wires, or some equivalent ariange- 
ment adjusted on the corresponding Fraunhofenc hnes before 
totality 

“The iron lines at 4918*0, 4919 8, and 4923*1 will be the 
best to obfeerve for this purpose as they are close together, 
and two aie always absent from prommences> and one is 
never thickened spots 

Bearing m mind also the results obtained in the Eclipse 
Expedition of 1875, namely, that ihe brightest 'ohiomospheric 
line was H or H and K, the darkest hnes m the solar spec- 
trum, it 18 of the greatest importance to obtain a photograph 
of the red and infra-red portions of the spectrum, as then 
the region of the solar atmosphere which reverses A might be 
approximately determined, and perhaps the brightest line 
felt by Young’s theimopile located. 

I undei took to do this m 1878, but the chemicals gave 
out ” 

(Signed) J- Normah Lookter* 

“ Up to thopiesent time it has been impossible to obtain 
photographs of the flpectiilm of the corona in the ultra-red 
region, and although much information has been obtained by 
eye obsexvations with the spectroscope, yet nothing decisive 
IS known legaiding the chemical constitution of this import 
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cation to the Lorcla of the Committee of Council on Ednea 
tion to authorise the deputation of Mr, Lochyer and Captain 
Abney for tho purpoHe, and to assign a grant limited to a 
maximum of flOOZ. to cover the necessary outlay ” 

M^e undowttand that the Lords of the Oomimtteo of 
Council on Educnlion hcing fully improsaed with the im- 
portance of having the proposed observations of the eclipse 
made, applied to the Lords ( Jomnussionors of Her Majesty’s 
Treasury for ponuission to insert a siun of 4001 in the esti- 
mates to cover the necessary expenses, Eventually, how- 
ever, the travelling expenses of the expedition wore provided 
for by tho Iloytil Hocioty out of a private trust fund, and the 
rasti umonts rof[uired to suppleiuont those provided by Mr. 
Lockyer and Captain Abney wero supplied by the Science 
and Art Depaitmeiit. As Captain Abney was not able to 
take hifl pint in the expedition, his place was supplied by Di. 
Sohuator, F.R.B. Wo here acknowledge tho liberality of 
tho Peninsular and Oriental Company, and tho munifioon* 
hospitality of tho Khedive, who made the party his guests 
while they wero south of Cairo, The results proved to bo 
so numerous and novel that sufBoiont time has not yet 
elapsed f'oi thoir coinplefo ilisoussion and jiublioatioa. A 
statement of the proliiniimry results has been laid before the 
committoo, and they cannot help fooling satisfaction that, m 
conjunction with the Royal Hociety, they have been instru- 
iiiontal m securing those observations. 


( 1 0 .) JLt'Ctxrcit at iVouth IHcnsinffhnJ^'^ 

In tho spring of Iwt year a series of lectures on Solar 
Physios wa3_ delivered by tho members of the Sola* Physios 
Committoo in tho lecture room of tho South Kensi^ton 
Museum, in acuordanoo with a suggesttoa wade by the 
Lord President of the Counoil. 

It was agreed by tho Committoo that each lecturer should 
bo free to express his own opinion on <my point, so that 
tho views put forth arc not to bo regarded as nscessw-rily 
sanctioned by tho Oommitteo as n body. The course was 
opened by two introductory locturoa by Professor Stokes, 
m tho HOCMud of which he took occasion to propound a new 
theory a» to tho nature of tho aurora, and of the connexion, 
between auiorw, nmgnetic diatmljanoes, earth currents, and 
solar activity. 

Tho next course was doliverod by Professor Stewart, who 
ga\ 0 thcoretioal reasons for supposing that tho ami js roost 
powerful at times of maximum sun spots, and then widea»- 
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bodies, most of the collateral experimental work done lately 
has had for its object the acquisition of further knowledge 
bearing on this question 

For this purpose new methods of obseivation hare been 
devised, and many thousand observations accumulated by 
means of them. 

Some of these new branches of woik aie lefeired to in 
the following paragraphs — 

A great many experiments have been made on the distil- 
lation of moat of me inctaJs and non-metals, and some of 
their compounds, in vacuo, using the electric current as an 
explorer in order to ascertain whether any, and if so, what 
gases and vapours are given off at different teinpeiatures, 
the permanent gases being collected and again examined 
both spectroscopically and chemically. 

In these experiments it was noted what lines were visible 
at different stages of the distillation, the heat being very 
gradually increased 

From the data thus obtained it has been found that a 
Connexion exists m several cases between the lines seen at 
different temperatures and the linos reversed in the sun. 

Another senes of experiments consists iii volatilizing 
metals or thcii salts in a Bunsen flame, and then passing 
the spark from an induction coil, with or without a Leyden 
jai, through the flame. In this way means have been 
obtained of distinguishing the spectra due to high and low 
temperatures 

By this method of exporlmontation compaiisons have also 
been made between the spectra (1) of the spark from 
metallic poles heated in a Bunsen flame, and (2) that of salts 
of the same metal volatiliaed in another Bunsen flame 
through which the spark waa also passing, in this case from 
wiics of the particular metal platinum 

In this way not only have metals been compared with 
tlicir salts, but also in coses where a metal exhibits two or 
more atomicities, compounds showing the different atomicities 
have been compared with one another as well as with the 
metal. 

A scries of experiments has also lieen made on the spectra 
of the arc of a ftioraens’s machine. It was shown that not 
only was there a separatiefn of the linos of different elements 
at the two poles, but that in some cases one set of hues 
would appear at one polo while other hues of the same metal 
were seen only at the opposite polo. Other phenomena 
were also obwavccl and recorded, such as the inverse 
appeal anco of lines, in some oases one set of hues being seen 
■ alone, m other cases otlier lines of the same metal appearing- 
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“ DieousBions of the Working Hypothesis that the so- 
called Elements ate Compound Bodies.” Eeoeited 11th 
December 1878. 

“ Prelimmarj Note on the Substances vrhich piodnce the 
Ohiomospherio Lines.” Eeceired 24th December 1878. 

“ Note on some Spectial Phenomena observed in the Are 
produced by a Siemens’ Maclnne.” Eeoeived 3rd Match 

1879. 

“ Note on solne Phenomena attending the Eeveisal of 
Lilies” Eeoeived 6th March 1879 

“Discussion of Young’s List of Ohromosphieiio Lines.” 
(Note 1 ) Eeoeived 5th March 1879 

“ Note on a recent communication by Messrs Liveing 
and Dewar.” Eeoeived 30th April 1879 

“ Note on the Spectrum of Sodium ” Eeoeived 28th 
May 1 879. 

“ Report to the Committee on Solar Physios on the Basic 
Lines common to Spots and Prominences.” Received 19th 
June 1879. 

“ On a New Method of Studying Metallic Vapohrs.” 
Received 19th June 1879. [Distilling in Yacuo.] 

“ On a New Method of Spectrum Observations.” Received 
10th December 1879. [Passing a spark through flames.] 
“Note on the Spectrum of Hydrogen ” Received 16th 
Decemher 1879. 

“ Note on the Spectrum of Carbon.” Received 8th Apiil 

1880. 

“ Further Note oti the Spectrum of Carbon.” Received 
11th May 1880. 

“On a Sun Spot observed 3 Isfc August 1880” Eeoeived* 
26th October 1880 

“ On the Iron Lines widened ih Solar Spots.” Received 
13th January 1881. 

“ Note on the Reduction of the Observations of the Spectra 
of 100 Sun Spots observed at Kensington.” Received 12lh 
May 1881. 

“ Preliminary Report to the Solar Physios Committee on 
the Sun Spot Obseivations made at Kensington.’' Received 
29th. November 1881 

'* Researches in Spectrum Analysis m connexion with the 
Speotnim of the Sun. No. Y!* Eeoeived 29fch April 1878 
Printed, 1881. Delay Cftused by preparation of the plate. 
(Phil.Tians) 

ei—^Beaririff df this itSofk on Solair Themy. # 

The mote recent work referred to in the above list 
taken in conjunction lyith the spectroscopic obseivations of 
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spectrum qy,d any one element does not result from the 
vibration of the molecules of that element existing as such 
at any given height in the sun’s atmospheie, but results from 
an integration ot tlic vibrations of the germs of that element 
existing, pcrhaiis distributed, from the top of the atmosphere 
to the bottom. 

On such a view as this the absence of striking lines of the 
spectra of familiar elements from, and the piesence of others 
among, the Fiaunliofer lines , the very striking changes of 
relative intensity between the Fiaunliofer lines and those 
seen in our laboratories belonging to the spectrum of the 
same stibstance , the fact that the lines of the same element 
observed at the same time either in a spot or in a piominence 
indicate some rapid movomeut and others absolute tranquility , 
the fact that qu4 the same clement over long leaches of the 
spectrum, _ the same line is never seen affected in both spots 
and prominences , the fact that the chemical constitution of 
the same region of the sun as determined by spots and 
prominences is almost absolutely different , and the fact that 
changes take place in the specti a of both spots and promi- 
ncno4i8 ftom time to tune, are not only easily explained but 
arc ab-solutely demanded by the now hypothesis, although 
the old one loft them as outstanding puzzles 

Professor Stewart has suggested that if solar phenomena aie 
as the new hypotlu'sis represents thorn we should expect that 
this alternate association at high and dissociation at low 
levels of solar elementary matter would greatly increase the 
intensity of the solar convection currents. Thus the enor- 
mously strong cm rents which observation reveal s to us can 
readily be explained by adopting this hypothesis. 


(2 ) Comexim betwem Solar and Terrestnal Phenomena 
\,--Su7i and Mag^ietism, — Netr Theory. 

With regard to the connexion between solar activity and 
auroisB, magnetic disturbances, and oaith currents, Professor 
Stokes has proposed a new theory,®* That aurorae consist in 
electric discharges taking place, usually at any rate, in the 
higlior regions of the atmosplioro, is allowed on all hands ; 
the only question is, how are these discharges occasioned, and 
what is the nature of the connexion between phenomena 
apparently so remote 1 Professor Stokes contends that the 
source of the (liacharge is to bo sought m atmospheric 
electricity, which not oeing relieved by the thunderstorms 
which take place in low and moderately low latitudes accu- 
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Bsttlales in th# higter Lititudes till it has sufficient power to 
oOcaeiOn a discharge He regaids the earth as analogous 
to » Leyden jar, the lower portion of the atmosphere forming 
the dielectrifc, while the higher portion bears some analogy 
to the exterior metallic coating of a jar ; only, the air in the 
higher regions is far from being a good conductor, like the 
timcal of the jar, and merely opposes a very much smaller 
resistance to a toruptive discharge than does the denser 
portion hdow. Thus when the difference of tension between 
the tipper atmosphere ovei one region and that over some 
otiier more or less distant region becomes Sufficient, a dis- 
chaige takea place. The opposite electricities, previously 
bound by inductioii at the Suiface of the earth, bemo- 
thus set free, a redistribution takes place, giving rise to earth 
currents ; tod the assemblage of currents partly terrestnal 
par% atmospheric, form very nearly closed circuits, and 
exercase magnetic mfluenoe at a distance, giving rise to mao-- 
netic disturbances When the Sun is unusually disturbed 
the mtensely heated portions of matter which Come up frorn 
below to the sun’s surface cause increased radiation, especially 
as regards rays of high refiangibihty, and this, being in part 
absorbed lu the upper regions of the earth’s atmosphere, is 
supposed to render them better conductors, or rather to cause 
them to oppose less resistance than before to disruptive dis- 
(teges, feialitating thereby displays of aurorse, and occa- 
sionii^ the earth currents and magnetic distmhances, which 
on this theory have their oiigin in auroral discharges 


2 . — Analysis of Fluctuations. 

1. Long-penod fluctuations —Professor Stewart and Mi 

Hodgson have attempted to analyse the recoided diurnal 
ranges of magnetic dechnation from 1784 to 1876 The 
results obtained indicate that 93 years’ observations aie not 
enough to enable us to analyse satisfactorily the long-peiiod 
fluctuations of this dement. ° 

2. one of the appendices to 

^ report, page 178, there will be found the description by 
Professor Stewa^ of a method of detecting unknown mequa- 
litifes la a mass of obserratioiis ^ 

w ^ appendix there will be found an attempt by 
Pjrotar Stewart to show that certain fluctuations of sun spo^t 

obtained by a 

Mite meHiod. of treatttoiit, the pecnliar connexion between 
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the two being that a maximum of eun spots appears to cone- 
spond to a maximum of temperature range at Toionto a 
ample of days latex on. This, if verified, would appear to 
indicate (apart fiom the question of true periodicity) that an 
increase of sun sjiotH denotes an increase of solar power. 

Professor Stowiut has likewise endeavoured to show that 
wlule many, at least, of the vaiiations of weather (omhraemg 
under this term luagnetioal as well us meteorological 
changes) have a solar origin, the difTcKmcc m tune of 
occur! once of a givim phase of niaguotical wcathoi at two 
such places as Toronto and Ifow is much smaller than the 
coiicsiionding diflfcronco lor luetoorological weather, and, 
accordingly, if the fcirmor can he logardcd as travelling from 
west to east, as we know the latter to a groat degree can, 
magnetical weatlioi must travel innch faster than meteoro- 
logical, so that the magnetical weather of G-ioat JBiitain, as 
oxluhitod m doclinatiou daily ranges, is possibly allied to the 
meteorological weather, ns exhibited m temperature daily 
ranges, occuning six or seven days latei on. In order to 
exhibit this likonoss a detailed comparison of tlie two 
weathers at the Kow Observatory for 1871 and 1872 has 
been made. The result is published m the proceedings of 
the Royal Bocioty. 

There is no doubt that periodic inequalities, when such 
exist, would show themsolvos by fluctuations of the nature 
of those treated by ProfosBor Btownrt; but the question how 
far such fluctuations afford trustworthy evidence of the real 
existence of periodic inequalities, or how far they may 
bo regarded as tlio residuals of merely casual fluctuations, 
involves some dolieate considerations demandmg further 
investigation. 

As tho knowledge of suoli periods (if well proved to exist) 
might lead to i osultH of not merely theoretical but practical 
importance, tho Committee have requested Professor Stewart 
to obtain in tlio name and for liio use of tho Committee 
from tlio varioius magnetical and meteorological observatories 
tho items necessary to enable him to continue these re- 
searches. 


(8.) fTork piMisM— 

1 . By J*rqf, Stewart, 

Preliminary Report to the Gommittoo on Solar Physics 
on a knethod of Detecting the Unknown Inequalities of a 
Series of Observations, By Balfour Stewart and “Wm. 
Dodgson. (Pro. R.S > May 29, 1879 ) 

R 824. 





60 


Prelimmaiy Repoit to the Committee on Solar Physics 
on the Evidence in favour of the Existence of ceitain short 
periods common to Solar and Terrestrial Phenomena. By 
Balfoui Stewart and Wm Dodgson (Pro E S , No 20^ 
1879) 

On a Method of Detecting the Unknown Inequalities of 
a Series of Observations By Balfour Stewart Appendix 
to the report of this Committee^ page 173 

Description of an Instrument for measuring possible 
variations in the Sun’s dnect Heat By Balfour Stewart 
Appendix to the leport of this Committee, page 206 

An Analysis of the recorded Diurnal Eanges of Magnetic 
Declination with the view of ascertaining if these are com- 
posed of Inequalities which exhibit a true periodicity By 
Balfoui Stewart and Wm Dodgson (Memoirs of Lit and 
Phil. Society of Manchester, Match 8, 1881 ) 

On the Heights of the Kiveis Nile and Thames By Bal- 
four Stewart. (^‘Natuie/' Januaiy 19, 1882.) 

On a Compaiison between the Height of the Kivers 
Elbe and Seme, and the state of the Sun’s surface as legaids 
Spots. By Balfour Stew ait (Pio Lit and Phil Society, 
Manchester, Maich 7, 1882) 

Note on a Comparison of the Diurnal Eanges of Mag- 
netic Declination at Toionto and Kew By Balfour Ste- 
wait and Wra. Dodgson. (Pro E S , June 16, 1881 ) 

Pieliminary Eeport to the Solar Physics Committee on a 
Compaiison for Two years between the Diurnal Eanges of 
Magnetic Declination as Eecorded at the Kew Observatoiy 
and the Diurnal Eanges of Atmospheiic Temperature as 
recorded at the Observatories of Stonyhurst, Kew, and 
Falmouth. By Balfour Stewart (Pro, R.S, Maich 9, 
1882.) 


2, J5y CapL Ahmy. 

On the Acceleration of Oxidation caused by the least 
refrangible end of the Spectrum (Proc B S., Vol XXVI I , 
p. 291 ) 

Second note on the same subject, (P oc. E S , Vol. 
XXVII, p 291) 

On the Production of Coloured Spectra by Li 2 :ht (Proc 
BS, Vol XXIX, p 190) 

On the Photographic Method of registeiing Absorption 
Spectra. (Phil Mag, Vol VII, p 313) 
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On the Photographic Method of Mapping the least refran- 
gible end of the Solai Spectrum with a Map (Bakerian 
Lecture, ES, 1880) 

Eeversal of the Photographic Image (Phil Mag., Aut^ust 
1880) 


3. By Capt Ahney and Col Festing 

The Influence of the Molecular Grouping of Organic 
Bodies on their Absorption Spectra in the Infra-red Eegion 
(Phil. Trans, E S., read January 1881 ) 

The Transparency of Ebonite to Rays of low refrangibihty 
(Physical Society, Apiil 1881 ) 


lY.— CONCLUSIONS 
(1 ) Holar Phenomena 

1 Sun pzctui e ^, — It appeals to us probable that the varying 
phenomena of the sun s disc represent the play of a huge 
system of convection curients, the down rushes of which are 
indicated by the dapker patches and up rushes by the brighter 
patches. These currents appear to be always present on the 
sun’s surface, and to give rjse to the mottled appearance 
which it presents under high magnifying powers. It 
would seem, however, that the scale of these phenomena, 
and the rapidity of the indicated motions, are on certain occa- 
sions greatly increased, presenting to the observer that com- 
plex appearance which is associated with the outbreak of 
spots Thus sun spots may be supposed to denote gigantic 
down currents of comparatively cold matter from above, 
while the faculse and red flames may denote the corresponding 
up rush of hot matter from beneath 

We are also of opinion that it is in virtue of this convec- 
tion system that our luminary is able to bring to the surface 
the intensely heated matter requisite to supply the enormous 
quantity of radiant energy which it is known continuously 
to give out. It would seem to follow that when this convec- 
tion system is peculiarly vigorous the radiation from the 

E 2 
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sun’s disc must be peculiarly vigorous also Now all obaor- 
rations tend to convince us tliat the sun’s atmosphere is most 
agitated at epochs of maximum sun spot trcquency, and 
perhaps we may likewise conclude fioin Mi Ijockyci’s in- 
vestigations that ceitain definite levels present the spectral 
dial acteii sties of a pecuhaily high teinpcratuio at such 
tunes We, must look to futuio spectioscopic vat ions 
to settle these points by giving us evidence fioni year to 
year of the velocity of moxion m the up lushcs and down 
rushes of the sun’s atmosphcie^ as well as of the heights to 
which the lecl flames are earned, and also by piesontmg 
ns with a continnous lecorcl of the spectial lines exhibited 
by ceitam selected poitions of the solar disc 

On the whole the evidence, judging solely fi cm the sun 
itself, seems to us to be in favour of the view that our 
lummaiy is most eneigetic in its ladiation at times of 
maximum sun spot frequency 

Should this inequality m the sun’s power prove to be of 
practical influence on the meteoiology of the oaith, it would 
become of gieat impoitance to be able to analyse nun spot 
records m such a way as approximately to predict the state 
of the sun for any futuie yeai. 

The ability to do this will depend on iho possosslon of a 
senes of accurate sun spot records suflfieienily extensive to 
enable us to arrive at a true knowledge of the law of the 
sun’s variability. 

At present, therefore, all attempts in the direction of analysis 
must be legarded as merely prepaiatoiy, and our great aim 
must be to bring together and collate the various scattered 
observations of sun spots, faoulse, and pronainencas, so as to 
pioduce a trustworthy and sufficiently complete record to 
which some method of analysis should then be applied. 
Tins, therefore, forms one chief branch of the work which 
we hope to see carried out, and we are glad to thmk that all 
solar obseivers are anxious to do what they can to hasten 
forward its completion 

Another object, of equal importance, is the establishment 
of solar photographic observations for the future on such a 
basis as may leasonably be expected to give a picture for 
every day, by utilising the results of observations in different 
parts of the earth, and avoiding thereby those interruptions 
of the record that must occur m any single locality 

The back work in sUn pictuies consists of two parte. 
First, the pictures mentioned in the catalogue appended to 
this repoit, which ends with the year 1877 , and, secondly, 
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the Indian and othei sun pictuies fioin the beginning of 
1878 to the end of 1881 It is probable that the total cost 
of j educing and collating this back work will not exceed 
1,0007 , which might be spiead ovei five yeais , and we 
leconimend that this woik bo undertaken 

With respect to the futuie, we recommend that steps bo 
taken to secure a reasonable prospect of daily pictuies, the 
Astionomer Royal having undertaken to reduce such pictures 
as may be necessaiy to form a complete senes 

2 Specti ohcopic Walk — When we considei that the spec- 
troscope has been m our possession since 1869 as an mstiu- 
ment foi continuously observing vanous localized phenomena 
of the solar atmosphere, wo cannot but express oui reoret 
tnat inoie has not been done to employ this new instrurnent 
of leseaioh , for, even yet, daily and systematized obseivations 
aie almost unknown. 

As there can be no question of the importance of a daily 
record of spectroscopic solar phenomena, we proceed next 
to discuss those special points to which, accoi ding to oui 
piesent knowledge (and in a new subject it is more than 
ever inipoitant to make this qualification), oui studies should 
bo diiected 

Foiemost among these mquiiies wc would insist upon 
the importance of obtaining records of all phenomena visible 
duuiig total eclipses of the sun It must not be forgotten, 
that with icgaid td the stiuctuio of the sun’s atmosphere, 
moio information can be obtained during an eclipse than fiom 
a year’s work on the uueclipsed sun , and with regard to the 
form and extent of the atmosphere generally, we already 
know that the changes are so great fiom eclipse to eclipse 
that inquiries may be greatly hampered in the future if we 
fail to obtain these lecoids whenever opportunity occurs 

Wo believe that these opinions are shared by physical 
astronomers iii other countries, and this being so, conceited 
action by civilized Governments may render the pait to be 
taken by each comparatively inexpensive. 

Coming to the uneclipsed sun, we find that our great needs 
at present are more observations of the ohromospheno and, 
prominence lines in climates where these can be easily and 
continuously made. 

Observations of the hues widened m, solar spots rank, 
perhaps, next m order of importance, as the facts show that 
the vapouis which produce them are not those which give 
rise to the appearance of prominences. At piesent this 
work 18 limited to Greenwich and South Kensington, and 


64 


at the latter place at all events tlic observations ar® ooniliiod 
to a lestncted part of tho spectrum. 

We recommend that oomuumicatioiis hliouhl l«? oponwl 
with observatorios where such work would bo likely to he 
prosecuted, suggesting simuUfineouH obsorvntious on a tlofinito 
plan for a limited period, say lor fho uoxt throe yeari ; and 
that the reduction of these observations should bo undortakoa 
at South Kensington. 

In this way wo bcliove results of tho lilglitMt imjiorluncH* 
in their hearing upon solar theory wouhl bo «>blain<>d in the 
shortest possible time, and with a minimum of oxikihsc. 

We now come to another lairl of the inquiry that whioli 
lefers to combinod laboratory and observatory work; to 
tho comparison of lines seen in the spoidrum of the suii witl* 
those seen in tho spectra of terrestrial bedies. 

Here, unfortunately, the work is almost imtindy eouthiod 
to South Kensington, where its progress is very alow, 
partly in consequence of tho limited faidlities, partly in eon. 
sequence of tho liad climate. 

As such work is nectwsarily the keystone of the iiroh 
which may nnito oelostial and birrestrial chemistry, wt* 
recommend that oortain steps should be taken to neeelorute 
the rate of progress, and w(‘ have iudi<*ated fliese to the ' 
Science and Art llepartmont. 


(2.) Soliti' tmliatim, 


Tho best proof of solar variability wouhl Iw tho diroet 
one given by an actinometer or mstrumeut so cunatructed iis 
to measure with accuracy tho amount of railiaiit enorifv 
given out by the sun, but us yet hardly any au<«h ubsorvtt* 
tions have been made. 

We attach great importance to tho uso of such umtrti- 
ments m the future, and wo arc in hopes that in India a ml 

else'where much mformatiou muy mm he ahtiiiiiect liy tlieir 


But even assuming the poiwossion of a perfect aotiuometor 
there are considerable difficulties in the way of obtaining Iiy 
its means the true solar radiation. ^ 

Allowing, for the sake of argument, a variability in the sun's 
power, It seems probable that during those years when the sun 

quantity of aqueous vapour sus- 
pended in tlm air should also oontmuo to incr<*ai^<*. But it is 
known from the researches of l>rof. Tyndall and others that tlti*. 
wfi ® moreasing atmospheric alMorptkn,, 

which would stop each year an increasing proportion cT the 
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rays of the sun, and prevent these from reachmg the eaith 
It might thus happen that observations of the solar radiation 
made neai the earth’s surface might give something much 
less than the true inciease of solai powei, inasmudi as a 
continually increasing proportion of the solar rays would 
have been yeai after year intercepted by the atniospheie 
The most obvious way of getting out of this difficulty would 
be to make obseivations at high altitudes, ind we hope m 
addition to the records of the heat actinometer now in opeia- 
tion at the Alipoie Observatory, neai Calcutta, to obtain 
lecoids from one at Tj6 (at a consideiable elevation, about 
11,000 feet, above the level of the sea). We bust also that 
Dr Koscoe’s chemical actmoinetei will be established at 
Fuitheiraoie„ with the view of throwing light on .the condi- 
tion of fluctuations in the received solai radiation caused 
by the atmospheie, we would suggest that these actmomcteis 
should be used in conjunction with some qualitative instru- 
ment which gives an immediate graphical and visible nidi- 
cation of the powei of the sun A modification of an 
instiument devised by Mr Winstanley would appear to be 
veiy suitable foi this puipose 

Piesuming that we aie thus able to obtain unexceptional 
obseivations at Ld, still it is ceitain that theie must remain 
an appieeiahle quantity of aqueous vapoui in the an abme 

It has been suggested by Geneial Stiachey that a travel- 
ling observer cariying with him an actinometer might ascend 
to a considerable height by a series of stages, making obsei- 
vations at each. We might thus be able to obtam°a more 
exact estimate of the absoiption of the air and moisture 
respectively, and thence to deduce what the tiue solar ladia- 
tion would be if we could altogether escape the atmosphere. 

We ought to mention that Professor Langley of the 
Allegheny Observatory is at present devoting a good deal of 
attention to this problem, and we are induced to hope that 
by the united, efforts of observers in the elevated portions of 
both hemispheres a great deal of light may be thrown upon 
this important subject 

This IS, perhaps, the place in which to notice anothei 
species of observation which it may soon be possible to 
make. 

Captain Abney has discovered a method of photogiaphing 
the infra red spectrum, and it is hoped that light may be 
thrown by this method on solar radiation Indeed, lecent 
observations which ho undertook at an altitude of 9,000 feet 
tend to show that foi a qualitative and partially quantitative 
estimate of atmospheric absoiptiou the method piomises 
results of high value. 
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It should here be lemarked that, by comparing with a 
standard oeitam definite regions of the spectrum unabsorbed 
by any of the constituents of the eaith’s atmosphere, we 
might be able to ascertain any vaiiation in the quantity or 
in the quality of the true solar radiation. 

We recommend that the heat actmometer by Pi of 
Stewart, the chemical actmometer by Pi of Roscoe, and 
the supplementary m&tiument by Mi Wmstanley be 
established at Le, it being understood that the Indian 
Government is ready to bear the expense of the instruments 
and of the observations with them 

We recommend also that the suggestions of Geneial 
Strachey already mentioned should, if possible, be cauied 
into effect. 

(S ) Influence of the State of Sun on the Meteorologxj of the 

Eai th. 

While observations of atmospheiic and of underground 
temperatuie appear to give evidence of a fluctuation in the 
teuiperature of the air having the same period as that of 
sun spots, yet on the whole they appear to show that a maxi- 
mum of sun spots corresponds to a low and not to a high 
temperature 

But if we bear m mind that temperature is au exceedingly 
complex phenomenon, and that an excessive rainfall generally 
produces a low temperature, we cannot receive this as evi- 
dence tending to show that the sun is least poweiful at 
epochs of maximum sun spots. It seems possible, howevei, 
that something might be done by confining ourselves to short- 
peiiod inequalities, if the existence of such inequalities 
should be made out with tolerable ceitainty. 

ftofessor Stewart has pointed out the apparent existence 
at loronto of fluctuations of diurnal temperature range, 
having periods very nearly corresponding to those of 
spots, and of a nature whic]h leads him to infer that a maxi- 
mum of sun spots is associated with a maximum of solar 
power. We thmk that this investigation might be extended 
so far as to take three or fourpromment solar inequalities, 
and see whether they coirespond to similar inequalities of 
t^nperatuie range This would appear to be a method 
likely to show it theie he any real connexion between sun 
spots and terrestrial meteorology, walylng for the present 
th^uestion of true periodicity m such inequalities. 

^ ^^spect to rainfall, while the observations appear to 
mdieate that at certain Ipcahties we have a maximum amount 
ox mm about the time of maximum sun spot frequency, yet 
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we cannot say that taking the rainfall stations as a wkjole 
there is incontestable evidence of a single rainfall period cor- 
lesponclmg to that of sun spots This subject is one which 
requires further investigation , and observation of the heights 
of riveis appears to be a hopeful diiection m which to look 
for evidence beaiing on this question 

In the next place, with respect to stoims, the evidence 
appears to be favourable to an increase in the number of 
great atmospheric disturbances, coiiesponding to times of 
maximum sun spots, but the systematic discussion of anemo- 
metric obseivations has hitherto received far too little atten- 
tion. 

It seems to us that a study of isobaiic lines may thiow 
light upon the problems now before us. The lelatively low 
summei barometer in the middle of continents, and high 
barometer at sea, and the opposite disposition of piessuie 
which holds for the winter months, are problems which 
deserve fuither investigation. 

We hope that this subject may be advanced by the dis- 
cussion of a lengthened senes of those excellent meteoro- 
logical chaits which the American Government aie now 
publishing> 

We xccommend that communications should be entered 
into with the Meteoiological Ooimcil, with the view of con- 
certing a plan foi mvestigaling with suflSicient thoiouglmess 
the natiiie and extent of the supposed relation between solar 
variability and tho moteoiology of tlie Earth 

Wo have no hesitation in expressing our belief that the 
continued, careful study of solai phenomena will prove 
to be of tho gioatest scientific value, and that there is 
no reason foi doubting that the advance of true loiowledge 
m this dnection will, m some form or other, and sooner or 
later, prove to be of real practical value also, as all excellence 
has shown that it has been m other branches of human 
knowledge 

Whether or not we shall ever possess the power of fore- 
seeing the charactex of the seasons m this country, or to 
what extent they may in tuitli be related to those changes 
m the condition of the sun to which our attention is specially 
directed, it is of course impossible foi us to say But of the 
extreme importance of doing all that lies in our powei to 
advance a sound knowdedgo of the laws of climate which so 
directly affect the well being of the whole human lace theie 
cm hi no question 
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(4) Influence of the State of Sun on the Magnetism, of the 

Eaith 

There can be no doubt that the dmrnal lano-e of the 
eaith’s magnetism is greatest when theie are most sun spots 
and that on such occasions there is likewise an unusually 
^ge number of magnetic stoims with then accompaniments 
in the form of eaith cmrents and amoral displays 

There aie also strong indications tliat the fluctuations in 
the diurnal ranges lag, as a lulc, in point of time behind the 
solar influences which pioduce them. 

This would most naturally lead us to suppose that these 
diurnal magnetic etfects are not directly caused b\ solai 
magnetic influences, but indiiectly by solar radiation " 

Again, the large amount of vaiiation in the declination 
lange, which increases neatly in the latio of two to three be- 
tween times of minimum and times of maximum sun spots 
might peihaps induce Us to locate the solai influence wLch 
brings about this result in the uppei regions of the eaith’s 
atmospheiewheie there is i eason to think inequalities m solai 
radiation would be paiticularly felt 

In order to investigate this subject we lecommend 
Fir^, a moie extended comparison of the declination cuives 
at Kew and Stonyhuist, aftei the manner of the pieliminarv 
comparison already referred to in this report Secondly a 
more extended comparison between the meteoiological and 
the magnetacal weathei of the British Isles, after the manner 
^ the prehmmary comparison also lefeued to in this report 
Ihirdiy, a more extended investigation with tlie obiect of 
deciding whether decimation range inequalities do really 

Smed*'''*'''' ^ ^ 

Finally, with the view of carrymg out the valuable sug- 
^^ons of Senhor Capello, contained in a letter published 

SrSoraSr namely,^that the 

1 ? possessing self-recording magneto- 

^phs should a^nge togethei some uniform plan of utilising 
the curves produced by such instruments, we recommend 

Comm,T““7 entered into with the Kew 
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V —SUMMARY OF RECOMMENDATIONS. 

'Wq have now stated, as lav as our information enables us, 
the precise position of our knowledge of the physics of the 
sun at the piesent tune, the steps that aie being taken m 
this and othei countries to incioasc it, and, hioadly, the natuie 
of the work that should, in our opinion, at once be pioceedcd 
with 

In order to make our mam recommendations pcifectly 
definite, we proceed to bring them togcthci as follows — 

1, That the existing information regarding sun spots be 
collected and published 

2 That stops bo taken to obtain sun pictures fioni existing 
observatories so as to secure a daily record of the sun for the 
future. 

3. That these pictures be reduced on a uniform system, 
with the co-opcratiou of the Astronoincr Royal 

4 Tliat the system of spectroscopic obseivations of the 
sun and their reduction at present employed at South 
Kensington be continued. 

5 That communications be opened with obseivatories 
where spectroscopic woik would bo likely to be prosecuted 
under good climatic conditions, suggesting simultaneous 
observations on a dotiiiito plan for a limited period, say, for 
three years. 

6 That steps bo taken, in conceit with An eign Govern- 
ments, to secure the observation of the phenomena of all total 
solar eclipses as far as possible 

7. That the oxporinienta nocesaaiy to obtain impioved 
instruments to record the intensity of solai ladiation be 
continued, and that measures ho taken to seculo continuous^ 
observations with such insivunionts in suitable localities. 

8. That communications ho entoiod into with the Meteoro- 
logical (louncil, with the view of conceiting apian for in- 
vestigating with suflicicut thoroughness the nature and 
extent of the supposed relations between soliu vaiiability 
and the meteorology of the earth. 
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9 That communications be entered into with the Kew 
Committee of the Eoyal Society with the view of fiuthei mo- 
some concerted scheme for utilising the lecoids of selt 
recording niagnetographs, 

22nd November 1882. 

G. G Stokes 
Baleour Stewart. 

J Norman Lookybr 
W. DE W Abnet 
R Stkaciiey 
W. H M. Christie. 

J F D DonnbIjLT 

Frank Eehe Fowke, 

Secretary to the Committee. 
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APPEIjfDIX A* 


Memoeinbxtm: as to one Mode of Dealing ^vitli fhe Indian Solae 
Photogeapiis By Peoeessoe GI- Gr Stokes, Sec E S 

I assume tb-o available data to be a set of pTiotogi apbs, each taken 
at a known time, and presenting one fiducial line, whctliex it be tke 
shadow of an oquatoiially mounted wire, or the common choid of 
two solar images taken on the same plate aftei a suitable interval 
without disturbing the telescope in the inteiim 

Taking the photogiaphs in chronological ordei ib will be con- 
venient in the first instance to attach rofeienco numbers to the 
spots, which might be wiitton on a waste positive, oi on a hand 
sketch In isncoessivo photographs of what is imquestLomhhj the 
same spot, it would he well bo use the same reference numbei 
followed by a distinctive lottei, A, B, 0 

Tor anything beyond a statistical enumoration of numbers and 
aieas the first step is to measure the position of a spot relatively to 
the sun’s disc and the fiducial line Foi this I have thought of two 
plans, the first the simpler and cheaper, the second the moie 
acorn ate and complete 

The first is to lule with diamond on glass, oi better perhaps etch 
on glass, a notwoik of crosslines, the inteival being, say, che lOObli 
pait of the avoiago diameter of the jihotographed image The 
phobogiaph Doing placed with the collodion uppermost, tho soalo 
IS laid on it, with the ruled lines against the collodion, and one set 
paiallel to the fiducial lino. The scale might be centred on the 
photogiaph, Dnt this would involve some ti onble unless the scale 
were piovidocl with slow motions in two dueotions, and then the 
■photograph might be injured unless a little space weic left between, 
111 which caao errors of parallax might come in Instead of attempt* 
ing more tkg.u a lough oontoiing^ it would seem best to lead both 
limbs and tho spots just as they lie, when by a simple calculation 
we get the absoiss£8 of tho spots referred to the centre of the disc, 
and tho diarae’tor of tho disc* I will suppose that the latter plan is 
adopted In that case the figuring of the graduation had best go 
fiom zero on tho left, instead of having the zero m the middle 
Supposing bho photographs about 4 inches m diametei each interval 
would bo about the 25th of an inch, and might be divided by 
estimation bo lOths 

"We should commence with the readings taken in a direction 
perpendioulaif bo the fiducial line Dsing a lens we should, read the 
first limb, bho spots in succession, the second limb A thread 
moving paiallol to the fiducial lino would be required for guiding 
the eye down a ruled line to the lowei edge where the graduation is 
figured Precisely the same process would have to be gone through 
for the readings m the perpendiouhtr direction 

An exceedingly simple calculation would then give the two co- 
ordinates of a spot measured from the centre of the image, and 
lef erred to radius 100 

It may he noticed m passing that the effect of terrestrial refi action 
IS eliminated by referring each set of co-ordinates to the measured 
diameter in its own direction. It is only, howevei, in case the 
E 824 F 
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photograph were taken when the san was pretty low that the effect 
of refraction would be sensible 

The most conyement process is ne\c to calculate tbe polar co- 
ordinates (or in other words the liistance fiom tbe centre and angle 
of position) from tbe lectangular co ordinates Let S, E, P be the 
centre of tbe sun, tbe eartb legarded as a point, tbe spot Tbe 
ladius vector infeired from tbe rectangular co-ordinates is veiy 
iieaily that belonging to tbe ortbooronal projection of S P on a 
plane through S perpendicular to S E Avery minute oonection, 
which depends on tbe non-paiallelism of S E, P E, and which can 
be made at once by inspection, snf&ces to reduce it to tbe orthogonal 
projection The distance from tbe centre refericd to tbe scale 
radius = 1 is tbe sine of tbe inclination of S P to S E 

Tbe time of taking tbe photograph being known, we get the sun’s 
Inngitude L from tbe Nautical Almanac, and thence tbe inclination, 
JL, of circles of latitude and declination passing through tbe sun 
from tbe formula r o o 


tan I = tan 0 cos L, 


where 0 is tbe obliquity of tbe ecliptic Tbe fiducial line, which 
applied primarily to tbe equator, is beieby referred to the ecliptic , 
to this angle the angle of position, which foims one 
ot the polar co-ordinates, we get tbe inclmation of tbe plane ESP 
to a plane through E S perpendicular to tbe ecliptic Two formulae 
equally simple with tbe above then give tbe heliocentric latitude 
and longitude of tbe spot 

The other method, winch I should piefei, is to measure at once 
the polar co-(^dinates, using a microscope of very low powei with 
cross lines The microscope slides along a horizontal lest, gradu- 
ated so as to read with a Vernier, say to 0 001 mob, or else 0 001 of 
the average radius The rest and microscope are supported on a 
nonzontal circle giaduated to degrees, with a Yernier reading to 6^ 
and by estmation to 1^ The plate is laid on a support underneath 
this, which is provided with slow motions m two i octangular 
oirections foi centering 

If readings taken by applying a scale to the photograph and 
estimating the fi actions of intervals be deemed sufficiently accurate, 
a glass scale graduated by concentric circles and radial Jlines might 
be used instead of the rectangular network The estimation would 
be a litble more troublesome and less accurate, but the trouble of 
reduction to polar co-ordinates would be saved 

We should thus get with very little trouble the heliocentric 
places of the varmus spots in each photograph, referred to the 
cel^tial sphere But we should also wish to know the places referi od 
to me Sim itself, treated as if it all revolved together like a solid 
i^fpch Carrington has shown to be only approximately true 
inis might be done by calculation, using Oarrington^s elements 
iiub the calculation is considerably longer than those hitherto 
mentioned, and it would be desirable to avoid it by a graphical 


The simplest process of this kind that I have thought of, and one 
vrmon would, I believe, give the reduced places even more accu- 
lately than is required considering errors of observation, is to 
use a large globe* This would have the further advantage of 
presenting to the eye the combined results in a digested form 
should be provided with two axes at an inclination of 
‘ J-h® meridian circle should be graduated to degrees, better 

perhaps sub-divided to 20^ The globe is a blank, save as to two 
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circles, tlie ec^nQ'tors of tlie two axes respectively These circles are 
divided into degrees, or better to 20' One pole represents the pole 
of the ecliptic, the other that of the sun’s equator 

The globe being moimted so as to turn for the ecliptic, the places 
of the spots i^oforicd to the celestial spheie are entered on it by 
means of tlio latitudes and longitudes found as above When a 
sufficient number arc oxitered to make it woith while, the globe is 
mounted so a»sto turn about the other axis An arbitiaiy origin of 
time IS taken, say 1879 , J anuai y 1 , Grreenwich m ean noon The dates 
of the photographs, reckoned fi om the beginning of the yeai in days 
and fractions of a day, arc divided by the assumed time of the sun’s 
rotation, and the integral rotations being omitted, the fi action of a 
X otation IS converted into degrees Call this angle A The spots 
marked on tla© globe foi a given photograph are then all set back 
by the value of the angle A for that photograph, and maiked on 
the globe m ink of a different colour 

We shall tbus have depicted, not only the places of the spots on 
the celestial sphoie, but their places on a sphere turning with the 
sun 

It would b© desirable to lay down in the ecliptic position oi 
rather mounting of the spheie, not only the heliocentric places of 
the spots, but also those of the earth in the ecliptic, and to hare 
provided a brass limb, a little more than a qnadrant, which is loose 
and intended morely for a ruler Perhaps a mere flexible strip of 
metal would bo bctitci When a spot is observed a good way from 
the centic of fcho disc, the quadrant rnle should be laid down 
between the places of the earth and the spot, and a line, longer or 
shorter according as ibe spot was observed more oi less neai the 
edge, diawn thiough the place of the spot This may be aftei wards 
useful in compaimg results, since the position of the spot along the 
iawii line is moio oi less nnceitain 

When the globe gets too full, the entries on it can be copied out 
on two piano maps, one for celestial and the othei foi solar places, 
the old entries on the globe painted out, aud the globe used afiesh 


APPENDIX B* 


A OatalogtjjjI of SobMi PiOa:tJiiES and PHOTOOEArfls, extending fiom 
the beginiiiEg of 1832 to the end of 1877 By Wakren De 
EA Esq , K A . D 0 L , FES, and Peoeessor Balfotte 

Stewakt, LL I) , F B,S 

1 The first senes of sun pictures having any considerable pre- 
tension to a/C curacy is tliat of Hofratb Schwabe 
This series ox bends from 1825 to 1867, and the original pictures 
are now in the possession of the Boyal Astronomical Society 
Tracings taken from tke whole senes are in the Kew Observatory 
The value of Plofrath Schwabo’s drawings has been tested, b} 
Messis Do la Eu©, Bbewart, and Loewy, and the results of t^ii 
examination have been communicated to bbe Royal Society (i hii 
Trans 1870, Pait II , page 389) it,.. x. 

A cursory mspoctioii of the drawings levealed to these observeis 
the existence of several progressive stages m Hofiath Schwabe s 

F 2 
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accuracy of delineation By the commencement of 1832 Schwabe 
had matured his system to such an extent as to give, no doubt with 
considerable precision the shape and aiea of each group, although 
it was not until the commencement of 1840 that he had finally fixed 
upon the system of delineation, which he thenceforth pursued up to 
the time when he discontinued his obsei vations 

Between the latter part of 1832 and the beginning of 1840, the 
oircle representmg the solar disk had m Schwabe’s drawings a 
diameter equal to 2 08 inches nearly, while after 1840 this was 
vei*y shghtly increased, being sometimes as great as 2 15 inches 
There was tlxus no material altei ation in the scale fi cm the latter pax t 
of 1832 np to the end of the series , and although in the begmnmg 
of 1832 the size of the disk was slightly less, being about 1 80 inches, 
Messrs De la Ene, Stewart, and Loewy thought it unnecessary to 
take account of this They therefore began with 1832, and supposed 
that thenceforth for all the obsei vations of Sohwabe the scale of 
delineation remained unaltered 

2 In 1 educing Schwabe’s drawings these observers proceeded 
in the following manner — Selecting an arbiiiary scale, the same 
individual measured, in terms of this scale, the apparent area of 
every group given by Sohwabe, and occasionally during the opera- 
tion (which occupied some time) he took pains to ascertain that his 
mode of estimation remained unaltered 


In addition to this an appioximate multiplier, langingfiom 1 2 
to 3 0, was applied on aoconnt of foreshortening when the gron]p 
was at all near the limb This, howevei, was a pait of the process 
upon which these observers deemed it superfluous to spend very 
great labour, inasmuch as they came to the conclusion that tho 
^stances from the centre of tne vaiions groups as recorded by 
Sohwabe were not sufficiently precise to warrant very great lefine- 
ment in the mode of estimating the foreshortening They did not, 
iinerefore, attempt to make use of Schwabe’s ohsei vations for the 
purpose of determmmg whether there be any law regulating tho 
behayionr with regard to increase and diminution of the groups as 
they pass across the disk of the sun, but confined themselves to 
estimations of the spotted area of the whole visible disk 

3 The arbitrary scale mentioned in the preceding paragraph was 
reduced to that of which the unit is the millionth of the sun’s 
visible hemisphere by means of a comparison made by the abovo- 
mentioned observers between certam snti pictures taken by Sohwabe 
^d other pictures taken at the same dates by Mr Carrington, of 
EedhiU, and by Mr De la Eue with the Kew Photo -heliograph. 
It Was thus found^ that a unit of the arbitrary scale represented 
vBry nearly 60 millionths of the sun’s visible hemisphere, the 
allow^ce for foreshoitening having been previously applied 

4 In the snbjomed catalogue the total spotted areas for the day, 
as aeiived hy the process now described from Schwabe’s original 
pictures, are recorded under their appropiiate dates 

extend without interruption from the begmnmg of 1832 
to the eM of December 1853, for which interval they foim the 
only trustworthy record of the state of the sun’s surface which wo 
possess 


I* OTmlw to the left of the ^omt denotes the total spotted area 
for day m millionths of the sun’s visible hemisphere, while that 

‘'^Sroupsof spots 

mstocej coireepondmg to Jaanary 2nd, 1832, we have 
gronp of which lii® uea was 216 juilhonths , while foi Janu- 
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ary 25th of the same year we have thioo groups, of which the united 
area (allowance being always made for foreshortening) was 634 
millionths of the visible hemisphere 

5 Besides tho coiituiiioiis senos above men iioned, Schwabe’s re- 
sults have been made use of to hll up a gap, extoudmg from the 
end of Maich 1861 to the begmumg o\ Febiiiai y 1862, during which 
mtorval no othci logulai seiios was taken (In the cartalogue 
SGhwabe^s pictmes aio i ocorded throughout the whole of the year 
1861 ) 

G The following table exhibits the list of othei solai observations 
(besides those ol fejchwabo alioady nienLionod) locoided in the 
present catalogue, which ends with tlie year 1877, this year nearly 
comcidiug with the pei lod of minimum sun spot frequency 


Ta-Blu op ottieu SoiiAU Observations becorued in the OataxiOOue 


Name of Station 

Nature of Process 

Mark in Catalogue 

Kedhill, iioai London (Cai- 

Very accurate eye 

R in tliose cases where 

rmgton’s Beiios ) 

observations, 

Oarrmgloifs obscr- 

Kew Seues (I)i l)e la Rue) 

Photogiaphic - 

vations are mixed 
with othei s 

K 

Ely Benes (Rev W Sol- 
wyu) 

Wilna Senes (Dr Smysloff) 

Do 

E 

Do 

W 

Greenwich Bones (the As- 

Do 

' G 

tronomer Royal) 


Moscow Bones (I)i, P 

Do 

Mo 

Brecbchm) 


Cumbndge, U B (Pi of 

Do 

C 

Pickering) 



Mamitius (l)i Mcldrum) - 

Do 

Ma 

Melbourne (Australia), Mi 

Do, 

Me 

Elleiy 



7 Notes nqaiidmq the vmious Bun F%otme8 

When [possible the omet time of each picture is given in Greenwich 
moan civil time to the hundredth of a day 
Thus formstanoo, Oarrmgton’s picture on January 9, 1859, has 
the figures ' 50 attached to it , this denotes that it was taken at 
fGi oenwioh) moan noon of January 9th, the oml day being reckoned 
from the previous midnight, so that noon denotes 'oO 
Somotmoa, however, tho exact time of the picture is not given 
In this case a point and two figures are replaced by throe points — 
thus for instance, K denotes such a pictnro taken at the Kow 
Obsorvatoiy If there arc two such pictures m a day they are 
indicated thus, K , , and so on 

As far as Carrington’s series is concomed tho ahsenoo of an oxact 
time for a sun picture moans a disk without spots 
Tho Ely Solai Photographs have hoen bequeathed by the late 
Canon Selwyn to the Boyal Society The oxact times of these 
pictures have not been given by Canon Selwyn, but tho Solar 
Physics Committee bolicve that they have the means of ultimately 
obtaining these meanwhile, however, the days, although not the 
exact times, on which the Ely pictures were taken are recorded in 
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tlie catalogue The letters br m oonneotion with an Ely picture 
mean that the glass is bioken, the picture, however , may not be 
without value, There are oases in which the exact times of the 
Cambridge (US) pictures are not given Professor Piokenng, 
however, says that these can be fuinishcd when required 
In the Greenwich list those pictures foi which exact dates are 
given have already been reduced, and the lesults published by the 
Astronomer Eoyal In most of those cases where the exact date is 
left blank theie are no spots on the suns disk If lequired the 
exact time can be furnished by the Astionomer Royal 
8 We subjoin a specimen of the method of recording sun-spot 
observakons suggested by the Solar Physics Committee 

Specimen form of Method Pkofosed foe Eecoeding Sun- spot 
Infoemation 


Date 

GMT 

of 

Sun pic- 
ture 
(!N'oon= 
50} 

Where 

observed 

Adopted 
number of 

Heliographio position 
of mean centre of 
group 

Appa- 
rent 
distance 
from 
visual 
centre of 

Area of 
group 
in 

millionths 
of visible 

group 

Longi- 

tude 

Latitude 

Sun, of 
mean 
centie of 
gioup 
(radius =1 
1) 

Hemis- 
phere 
(umbra 
plus pen 
umbra) 

1864 
June 20 

49 

Kew 

564 

25 3 

-1-19 2 

0 426 

37 

„ 24 

60 

Kew 

564 

24 8 

-1-18 9 

0 920 

359 

« 27 

60 

Kew 

565 

306 2 

- 7 2 

0 479 

155 


5> 

» 

566 

198 2 

4-21 5 

0 9C9 

211 

„ 30 

66 

Wilna 

566 

199 4 

-^20 8 

0 601 

132 

M 



(6) 

299 5 

4-18 4 1 

1 

0 883 i 

1 

108 


M&nia/i hs on the above 

(a ) Eemg merely intended as a specimen, the numbers are 
imagmary 

(h) Groups have been numbered in accordance with the Kew 
catalogue, while that senes lasted, and, after its discontinuance, in 
accordance with the catalogue of Greenwich 
(c.) Whenever, owing to blanks produced by bad weather, a spot 
winch has been recorded at some other observatoiy cannot be 
identified with any one in the Kew or Greenwich catalogue, it 
receives a number which is enclosed in brackets, in order to 
distinguish it from the regular numbering Thus m the above (6) 
means that six such groups have occurred in 1864 up to June 30, 
which have neither been identified with Kew or Greenwich groups, 
nor with each other 

(d) The object of the Committee being to obtain physical rather 
tban precise astronomical mformation, the measure of accuracy 
need not m any case go beyond that which records the mean 
t^hographic position of a group to the tenth of a degree, and of 
hundredth of a day ; and with regard to past work, 
wm Committee will be content with a somewWt lower standard 
when this measure is not easily attainable 
(c) Ui the areas recorded, allowance is made for foreshortening 
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< 

P 

Jan 


Mau 

Aim 

May 

JUJNB 

July 

Aug 

Sept 

OOT 

Nov 

Dec 

1 



48 

2 


852 3 



42 

1 



0 

0 

48 

1 

108 

1 



288 

2 

3 

216 

1 

246 

2 





738 

2 



0 

0 



198 

2 





3 

450 

1 

228 

2 

648.6 

240 1 

456 

3 

840 

1 

0 

0 

21 

1 



78 

1 



462 

3 

4 

42 

3 

180 

2 



366 

3 



12 

1 

18 

2 



72 

1 

102 

2 



5 

6 

1 



1074 7 


150 

2 

300 

1 



168 

1 

0 

0 

72 

1 

300 

1 



6 





498 a 

294 2 



390 

1 

0 

0 

72 

2 

0 

0 



336 

1 



1 

0 

0 




294 2 

1062 

2 

720 

1 

0 

0 

108 

1 

456 

1 





360 

3 

8 





132.2 

570 4 



570 

2 

12 

1 

24 

1 

186 

1 

132 

1 





9 





168 2 

810 4 

780 

1 



522 

2 

48 

1 

132 

1 

84 

2 





10 

0 

0 

228 

3 







126 

2 

108 

1 

240 

1 

150 

1 





11 







720 

1 

228 

2 



78 

2 

240 

1 

108 

1 





12 





612 4 


600 

1 



878 

2 

30 

1 

210 

1 





24 

1 

13 



180 

2 

1368 5 

222 2 





366 

2 

240 

i 

132 

1 







14 



144 

3 



672 

3 



860 

2 



90 

1 

60 

2 





15 

36 

2 

540 

5 

1050 3 

240 8 

048 

3 



246 

2 

360 

1 

60 

1 

18 

1 

48 

1 

30.] 

16 

120 

3 

558 

4 

780 8 

240 1 

1728 

3 





300 

1 



0 

0 



0 

0 

17 



576 

5 


210 1 

1698 

5 





0 

0 









18 



696 

4 


384 1 

1098 

4 



830 

1 

0 

0 

0 

0 



0 

0 

90 

1 

19 



768 

4 


294 1 







0 

0 

0 

0 





210 

1 

20 



708 

4 


90.1 

324 

2 

1 





0 

0 

0 

0 

240 

2 

0 

0 



21 

372 

4 

816 

5 

930 4 


288 

1 

2 



0 

0 

0 

0 

0 

0 

150 

1 

0 

0 



22 



498 

6 


24 1 





0 

0 

0 

0 

0 

0 

150 

1 

0 

ol 



23 



1050 

6 


80 1 

528 

2 



0, 

.0 

0 

0 

0 

0 

36 

1 

450 

1 



24 



846 

.6 



812 

2 

516 

8 

18 

1 

0 

0 

0 

0 

90 

2 

276 

1 

198 

4 

; 25 : 

534 

8 

912 

5 





474 

a 



0 

0 

0 

0 







26 






42 1 

648 

8 



0 

0 

0 

0 

0 

0 

6 

1 

150 

1 



27 







672 

4 



0 

0 

0 

0 

0 

0 

0 

0 

240 

1 

258 

2 

28 



594.4 


192 8 

582 

3 



0 

0 

0 

0 

0 

0 



330 

1 



29 





396 2 

78 1 

594 

8 

210 

1 

24 

1 



0 

0 
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- 

270 2 

60 1 

108 

1 





0 

0 

0 

0 

300 

1 





31 













0 

0 



360 

1 









0 













Tbe numbei to the left of the pomt denotes the tot*il spotted area for the day in millionth'? of 
the sun’s visible hemisphere 

The number to the right of the point denotes the number of groups of spots present on the 
solar disc, * 
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SoHWABE’a Sun Piotubes, X833, 


fl 

1 Jaisf 

Feb, 

Mak 

Ai^n 

May 

JtrNJ. 

JuiA, 

At JO 

Sept 

Got, 

KOv 

Dbo 

1 



0 

0 

0 

0 

30 

1 

18 

1 

0 

0 



0 

( 

0 

c 

0 

c 



450 1 

2 

0 

0 

0 

Q 

0 

0 



18 

1 





0 

0 

0 

c 

0 

c 

300 

1 


a 

0 

0 





0 

0 

48 

1 

0 

0 



0 

(J 

0 

(J 

0 

(J 

252 

1 


4 

0 

0 







36 

1 





24 

1 



0 

0 




5 

0 

.0 

0 

0 

0 

0 

0 

0 

48 

1 

0 

0 

0 

0 



48 

1 

0 

t 




6 

0 

0 

0 

0 

0 

0 

0 

0 

24 

1 

0 

0 

0 

0 



0 

0 

360 

] 



240, l| 




0 

0 



0 

0 

36 

1 

0 

0 

0 

0 



0 

0 



150 

1 


8 



0 

0 



0 

0 



0 

0 

0 

0 



0 

0 

240 

2 

1C8 

1 

2164 




0 

0 



0 

0 



0 

0 

510 

1 

24 

1 

0 

0 

264 

2 




10 

0 

0 





0 

0 

0 

0 

0 

0 



0 

0 



840 

I 



ma'i 

11 

18 

1 



258 

3 



0 

0 

0 

0 



0 

0 

252 

2 



72 

1 


it 

48 

1 

872 

2 

SCO 

2 

0 

0 

0 

0 





0 

0 



270 

1 

54 

1 


13 

36 

1 





0 

0 

0 

0 

0 

0 

132 

1 







0 

0 


14 

0 

0 





0 

0 

0 

0 

0 

0 



0 

0 

240 

1 

300 

1 

0 

,0 


15 



318 

2 



270 

1 

0 

0 

0 

0 

102 

1 

0 

0 





0 

0 


^ 16 j 



5?0 

2 







0 

0 









0 

0 


17 



468 

2 



0 

0 

84 

1 

0 

0 



0 

0 





0 

0 

0 0 

la 

180 

1 

640 

2 



0 

0 



0 

0 

18. 

J 

0 

0 



180 

1 

0 

0 


m 

276 

2 







90 

1 

0 

0 

66 

2 

0 

0 



0 

0 




20 

252 

3 

480, 

2 

138 

1 

0 

0 

36 

1 

0 

0 

. 60 

1 





0 

0 

0 

0 


21 





138 

1 

0 

0 




0 



0 

0 



0 

0 




. 22 







6 

1 



30 

1 



54 

1 



0 

0 




23 









108 

2 



0 

0 

96 

1 



0 

0 

0 

0 


■ 24 





0 

0 

0 

0 

78 

2 

0 

0 

0 

0 





0 

0 



0.0 

25 

654 
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The number to the left of the jpozw^ denotes the total spotted area for the day in millionths of 
the sun’s visible hemisphere 

The number to the light of the point denotes the numbei of groups of spots present on the 
solar disc 
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The rarmber to the left of the point denotes the total spotted area for the day m milliontliH 
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Tlie number to the left of the point denotes the total spotted area for the day in millionths of 
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The namber to the left of the point denotes the total spotted aiea for the day in millionths of 
the sun’s visible hemisphere 

The number to the right of the point denotes the number of groups of spots piesent on the 
solar disc 
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0 46, 47,0*67 

Me 06, € 60 

G 

(4 47, 0 m 

21 C 72 

W 61, 0 69 

Me 12, Mo’ 42 

Me 04 

0 61 ” 

Mo 08, W H% 

0 44 

22 0 47 

Mo 06, G 41, 44 
0 46, 47, 0 72 

Me*08,G 49. 64 
G 65, 66, W 30 
(3 B2 

0*64. G 

Mo’lO, 0 87 

0 67, Ma* * *» **• 

23 0 60, 64 

Mo 06, 0 68 

Me 0B, Mo 61 

0 66, *0) 

W’ll G’60 

M© 21 0 76 

Mo 13, O-M 

24 0 46, 46, ^48 

0 72, Ma ' 

0 4^1, 46, 47 

0’4X, 47, ’49 

Mo 11 G 69 

Me*22, G », ’<« 
W 60, cm 

0’69 

Mo 61, O * HH, *tl« 
G ’ 

28 Me 06,0 60, 6! 

t Me*10,O6a 

0 41, ’42 

G’64, *m 

M© 01 0’59 


W 48, Ma 






20 Me 09, Ma 

0 69 

Me 09, G 42 


Mo’oia”*,’ * 

G 67, -61 69 

Mo 09 

Me 08, C4 * *11 

0 07 

‘ 27 Me 11, M*< 


Mo’OO 

tym 

M# 07, 0 69, *66 

W 27, 

0 

0 60 





28 Me 10, 

Mo 06, 0 6% m 

^ Mo 11,0 67 



w 

, 29 Me 07,0 44, i 

i6 0 69 

0 6ft, 69 60 
Mo 61 0 70 

W 410’«6 

0 64, G , 

Me 09. mm*** 
W 01 

i ^ 

81 0 46, 46 j 


0 41, 48, 66 

w sE 

a 'Kt,*80,O’«8 


Mema ,• 
C’W 

Me 08,0 68 

Me oe 
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SOLAR PHOTOGRAPHS, 1876 


h 

July 

AirausT 

September 

October 

l^OVEMBEE 

December 

1 


0 69 

Mo 41, G 69, 60 
0 68 

Ma 

0 73, G , 

Me 04 

3 

Mo 47 

G 61, 52, C 68 

Mo 01, Ma 

W 26,0,66 

Ma 23, 48, C 68 
Me 10, W 63 

Ma 44, C 66 

Me 04 

3 

0 69, 00, Ma 

0 70 

G 66, 0 69 


Mo 03, Ma 60 

0 69 

Me 12, Ma 16 
C 76 


4 

0 67, Mo 61 

Ma 

C 68 

Mo 03, 0 69 

Me 06, Ma 23 

Mo 36, W 63 

Me 03, C 66 






G 64, C 60 



6 

0 68, Mo 03 

Ma 

0 58, G 

Me 19, G 67, 69 
W 28, C 69 

Ma 23, G 41, 46 


Me 06 

6 

0 67, Ma 


Mo 04, G 61, 64 
0 69 

Me 06, Mo 36 

G 56 

W 39 

^ 4§ 

7 

W 27, 69, a 40 41 
0 68, Mo 02, Ma 

G 16,0 69 

Me 0(5 0 74 

G 

C 69 

W 42,G , 

Me 10, W 40 

8 

G 46, 0 67, Ma 

Me 09, Mo 69 

C 69, G 

are 07, G 


G 


9 


Me 06, G 10, 60 


Me 06, G 

G 67 


10 

G 61, 60, Ma 

0 66 

Me 09 


Mo 11 

Me 10, Ma 16 


n 

0 67 

Me 08, G , 

W 47 

■W 28 

Ma 14, W ,38 

G 66, C 04 

Ma 

Me 12 

13 

G 49, 60 


Mo 00, 0 68 

Ma 16, W 19 

G 60, 0 (i ) 


Me 09 

13 

Me 13, G 69 

0 69 

W80, 40 

Ma 21, 22 

Mo 10 

Ma 17, Mo 61 
W4S 

Me 06, Ma 16 

C 66 

Me 09, G 66 

14 

Me 13, C 69 

G 

Mo 11, a , 

W 36 

Mn 19, 20, 0 69 
Me 08 

Ma 16, W 3() 

Mo 06, Ma 16 

G 68 

Me 05 

16 

0 70,0 

0 60, G 

Ma 21, 22, 0 74 

W 40 

Ma J9,G 46, 67 


16 


G 60, 0 57 

C 68 

Me 06, Ma 1() 

G 47, 60, 61 







Ma 13, 0 73 


17 

G 49, 0 69 

0 46, Ma 

Mo 37 

G 14, 4 A 62 

Ma 47, Mo 60 

Ma 16 

Ma 48, W 48 

18 

W 34, 0 68 

0 08, Ma 

Mo 09, G 41, 47 
Ma 22, 22 

Mo 07, W 63 

Me 08, Ma 16 
W46 

Me 06, Ma 48 

19 

Me 09, 0 68 

G 69 

0 09, Ma 

Ma 18 

Mo 09, G 44, 4(5 
G 61, Ma 17, W 61 

G 49, 60 

Ma 18, 61 




W 60 

Me 21 

20 

Me 04, G 64, 01 

0 68 


Me 13, Ma 21 

Me 08. W 11 63 
Ma 17, 18 

Me 10, W 63 

Ma 18, 60 

Me 12 

21 

Mo 08, G 68, 00 

0 69, Ma 

Me 05, G , 

W 60, 0 (52 

G 62, 63 

Mo 08, Ma 18 

W 46 

Me 02, Ma 46 
W60 

Me 10, Ma 48 

22 

W 27, 29, G 42, 48 
Me 04, 0 68, Ma 

W 61,0 59, Ma 

Me 06, Mo 68 

G 43, 44, *46 

0 68 

Ma IS Mo 18 

W 47 

Ma 16 

Me 08, G 64, 06 
Ma 16, 49 

23 

0 68 

Me 06, G 40 41 

0 68, Ma 


Ma 10, Me 22 

Ma 17 

Ma 16, 17 

Me 07 

» 24 

Mo 66, Ma , 


Ma 16, W 37 

Me 08, W 45 

Ma 16, 16 

Ma 17 


26 

Me 10, G 48, 60 

0 68 

G 60, 

Mo 09, “W 29 

G 

Ma 16, 16, W 68 
Me 19 

Mo 04, W 60 

0 71 

Ma 48 

26 

Me 00, G 43, 46 

G 69, W 37, 0 69 

Ma 17, 0 74 

Mo 09, W 30 

Mo 06 

W42 



Mo 03, Ma 






27 

W 33, G 43, 44 

0 68 


Mo 04, W 31,0 69 

Me 08, Ma 47 

Me 03 

Ma 16, 60 



Ma 22, 22, 48 

W 37, Mo *48 

Me 02 

28 

Me 12, 0 69 

Ma 

0 69 

Mo 06, G 46, 47 
Ma 24, 0 69 

Ma 16 

Me 06, W 44 

G •* 

Ma 16 

29 

0 68 

G^46, 60, 0 69 

Me 12, G*44, 64 

W 48 

Me 08, 0 78 

Me 06 

80 

W 42 


Ma 21, 0 69 


G 60, 

Me 07, Ma 47 

Me 10, 0 69 


Me 06 

Me 06 



0 68 

W 61 



31 

Me 12, W 46 

Me 07, G 44, 46 

0 68, Ma 


Me 10, G , 
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CATALOfltTE OF 


1 

JlNTTARY 

I’iUBltlTAliY j 

Mauoh 

Apbii* 

May 

JTJNF 

1 



Me 09 


Me 11 


2 


Me OS 


s 

Me 08, Ma 19 

Mo 44 

Mo 07 

S 

Me 07 

Me OG Gl 60 

Mo 03 


Me 11, G 12, hi 

G 49, 60 

4 

Me OG, Ma 49 


Ma 17 

Me 07, G 60, 68 

Ma 20, 22, G 52 
Mo 21 

Mo 09, Ma 21 

G 41, 11, 

5 

Me 08, Ma 16 


Mo 09, Ma 20 

Mo 13, G 50, 

Mo W, G U, 46 

G 12, 10, 

Mo 10, Ma 18 







Mo 20 

6 

Mc*a6,Ma 16 

Mo 10 

Ma 16 

G 43, 67 


Mo 38, G 39, n 

1 

Ma 18 

G Uy 

Ma DO 

G 46, 47 

Ma 18, 20 

G 40, 43 

a 11 , 12 

8 

Ma 10, 49 

MeOO, G’61, 63 

Mo 09, Ma 19 


Mo 10, G 40, 42 

Mo 31, G 16, m 

Me 05 

Q 00, 62 



Ma 20, Mo 33 

G 40, 4t, * 

' 9 

Ma 18, 48 

Me 07 


Me 07 

Me 10 

Mo 12. G 46, 46 
Ma 18, 10 

10 

Me 07 

Me 07 

G 66, 60 


Ma21, G44, DO 

Ma 21, Mo 27 

11 

Ma 1C, 18 

Me 24 



Mo 07, G 

Ma 18, Mo 62 

G m 

Mo 08, Ma 21 

G 10, 47, ’ 

12 

Ma 16, 17 

Me 06 



Me 06, G 41 


G 

18 

Mo 04 



Mo 10 

Mo 39 

Ma 20 

14 


Ma 

Me 07 

Me 09 

Ma 18, Mo 60 

GMl, 12 

15 

Ma 17, 17,G!- 68 



Mo 37 

Mo 11, G 63, 60 

G ^0, 10 

a , ,Me 06 




Ma 17, 18 


10 

Ma 10, 49 

Ma 19, G 49, 62 

a , 

Me 12 

Mo 09, Mo 13 

G 41, ‘ 

17 

Me 09, Ma 16 

Me’08. Ma 18 

Me 06, G 43, 63 

Me 05, G 40. 49 

Ma 18, 20 

G • 

G 62, 66 

Ma 18, Mo 83 

Me 06 


18 

>Ie'0S,Ma 16 


G 39, ’41 

Ma 18, 19 

Ma 20, Mo to 
G41, 42, 

G 

19 

Ma 16, 17 

Me 06, G 66, 

Me 10, O’ 61, 61 

Ma 21, G 40, 66 

Ma 19, 22 

Me 07, G* 

Me ’04 


Mo 20 


20 

Me 05, Ma 19 

a ’ 


Mo 20, Ma 20 

G 41, 62, 

Mo 41 

Q ‘ . 

21 


Me 04 

Mo’07, 17, 28 

Ma 19 


Me a , ^ 

22 

Me 12, Ma 17 


Me ’06, 13, 28 
Ma 21, G 84, 69 


Ma 19 

G 

2S 

Ma 18, Me 23 

Me 10, G' 

Me 04, 18 

G 40, 42 

Mo 37 



a 49, 61, 

G 41, 60 




1 24 

Me’05, M^ 10 
0 64 

Me 08 

G 40, 48 

G41, 43 

Ma 20, G 47 

Ma 19 

' 25 

Me 06 



G 40, ’48 

Mo 34, G 44, 48 

Me 08, G 3% 

G ,Ma*X9, *21 

20 

G 63 , 

Me 10 

Me 06 , M^ 60 


Mo 39 

G 44, 46, 


1 27 

Me 04 

G 65 

G 60 

G 65, ‘67 

Mo 37 

Mo 09, G 54 

28 


Ma 22 

G 

Me oc 

G 42 

G 48, 60, 

i 29 

Me 07, a 47, 


Me*23 

Mo 39 

G 38, 44 

Me 20, G*45, 47 
G , 

y 39 

, Me 07, a 92, 6- 

Me 08 

4 

i — 

G 43 

G 66 

G ’ 

Mo 09 

Mal0, 20 

Mo 80 


1 
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JT7L1 

AUG-tTST 

September 

OoTOBEE 

November 

December 


Ma 19, 21 

Mo 28 

G 16, 60 

G 11, 

Me 07 Ma 18 

G 43, 4b, 

Ma 17 

Mo 30 

Mo 22, a 61, 63 
Ma 22, 21 


Mo 07, G , 

Ma 17, 19 

Me 13 

G 61, 63, 

Ma 17 

Me 11, G 4S, 45 
Mo 3L 

M© 05, G 60, 61 
Mo SO 


Mo 06, G , 

Mci 17, 18 

G 48, 40 

Mo 08, Ma 18 

Me 20, G 41 

Mo 29 

Mo 08 

Ma 20, Mo 31 

G 4<), 61, 

Mo 00 

Ma 18, Me 10 

G 40, 50 

Ma 17 

Me n, Ct 10, 41 


Mo 06, G 39, 50 
Ma 21 

Me 09, G 40, 41 

G 11 , 

Ma 10 

Mo 09 

G • 


aio 20, G 40, Ii7 
Mo il 

G 10, 48 

Ma 18 

Me 11 

G , 

Me 06 

G 39 


Me 07, Ma 17 

Me 08 



Ma 20 

G 

Mo 07, G 44, 

G , 

Me 21 

Me 06, a 

Ma 18, G 60, 6J 

G 
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APPENDIX 0 


No 70 Senate, Session oe 1870 
lUEPORT. 

Made m tlio name of tho Ooimmssmii-' chiitffed with tlio duty of 
examining tho Bill, passed in tho Ohaml.or of Doputios, proiiosmg 

noilion of tho domain of Moiidou ho wt apiift, lor tho 
eatabhshmont of an Observatory of Astiouomioal I'hysuis , 
2 PioTisioii 1)0 nxado, fiixaiioiadly , {ox* tho ObHorvatoi’y ol 

Moudon _ , ,, _ 

ByM A HouEimBii-Ki'hTNEii, 

Houator 


On the 2‘2iid .Inly 1874 M OdEanno propoNod, in the National 

Assembly, as an amendment to the estnnatos of the M uiwtry of 
Public Instruction, that a Bum of r)0,00() fi unoH ( 4^2,000) \m prov ulod 
for the creation, in the noxghhomhood of Ihins, of im Ohsexvaiory 
of Astronomical Physics hi replying to M Cldmnms the roportoi 
to the Commission on the Budget joined in iiio urgent xet|uest 
yrhiohlus oolloague had addressed to tho (Joveruuient , he begged 
tho latter to consider tho (luesfcion, locommcnuhng that M JansBon s 
proposal, vvhiohM Cdisannohad explained to the liouHe, should bo 
submitted to the Academy of Boionces But, an the (loveimment 
did not propose that any provision should be made, the Budget 
Oommission did not consider it advisable to entertain the amende 
ment, which M O^mnno withdrew on tho Mmmtei of Pubho 
Instruction underbaking to have a Bill . 

The year after, on tho ostimateg fox lH7d, M ()t%auno brought up 
his amendment again, in concert with M Ihuil Bm*t rhe UommiB 
Sion on tho Budget, lu a report by M Lep^re, stabtsl that, failing a 
proposal from Govoniment, it would bo advisable in lot matters 
stand over until a Bpe(*ial application was made to it for a \oic^ Uio 
reporter, howovoi , observed that, as far back as the f Jth August lo74, 
the Minister ol Public Instruction, luaccordancsH with tho wish 
expressed by M. Bardoux m tho House on tho 22nd July preceding, 
had brought the question before the Academy of Hmences In the 
Uopoi’t of a OommissKw consisting of hoevy, Becqumvl, 

Bertrand, and Payo (rojwter), it is stated *Hhai the 

** Academy of Scioncot entirely approves of tho idea of creating in 
“ or new Paris an Obseryatory specially dcvolod to A«trouonii.cal 
' Physios Moreover, it earnestly demres to see created an x«tobl i»h- 
ment which appears to it to bo indispensable for the progn^ss now 
lequirod, as well as for the solentiflo reputation of the oontitry ^ 
The question was therefore under ommination when the esti- 
mates for 1876 came to bo discussed But, on the 29fch iluly 1875, 
M Lep^ro, on behalf of the Budget Oommisnion, informed tho 
national Assembly that the Commission had bail before them a 
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formal proposal from the Minister, and that they had at once 
approved of this pioposal, and agreed to provide for the necessary 
increase m expenditure Chapter XIV of the estimates of Public In- 
struction was then voted, with the proposed increase Since then a 
sum of 60,000 francs (2,000/ ) has appeared yeaily m Chapter XlV 
of the estimates for Public Instruction for the expenditure on the 
Observatory of Asti onomical Physics , this sum has been i aised to 
66,000 francs (2,600/ ) in the proposed budget foi 1880 

Such IS the origin of the Bill now before us, which purports to 
secure a portion of the domain of Meudoii for the Obseivatory of 
Astronomical Physics, and obtain a vote for it 

The discussions which have taken place in the National Assembly 
render it unnecessaiy to entei into details as to the giounds on 
■which this Bill has been bi ought forward It may not, however, be 
useless to advert to the reasons stated before the House by the authoi 
of the oiigmal amendment, and referred to by M Lep^re, in supnoit 
of the creation of the new Observatory 

Astronomical science was, fiist of all, based upon G*eometry, and 
later on Meclianics , in the domain of these two sciences, in the 
first place, Pliysics made an inroad, especially at the beginning of 
the centuiy, thanks pimcipally to Aiago, and then Chemistry, 
owing to M Kirohhon’s discovery,^ which enables the substances 
which exist in the stars bo he analyled by means of the light which 
they send us To a French man of science who does honoui to his 
country, we ov^e the opening up of a fresh field to Solai Astronomy, 
VIZ , that of spectroscopic study M Janssen has invented the 
methods now used by men of science throughout the woild 

On returning from his mission to Japan, he would not have found 
any shelter in France for his instruments, had nob the Parc of 
Meudon been provisionally placed at his disposal 

Whilst his fruitful methods are applied in England, in the United 
States, in Germany, m Italy, our illustrious countryman would have 
been unable himself to apply them, and to continue those i eseai ches 
which, matured m his mind, and destined to secure fresh triumphs 
to science, wo*ald have become the prey of foreign workers 

If, as M Paye said in his report, submitted on behalf of the 
Academy of Sciences, the scientific reputation of France required m 
1875 that a sum should he provided to enable M Janssen to continue 
his studies, this requirement is now still inoie forcibly and urgently 
felt with regard to the definihLve creation of an observatory 

The most wonderful discovery, wo read in the report, and 
certainly the most unexpeote^J one among those foi whicli science 
is indebted tp spectroscopy, after the chemical analysis of the sun 
duo to M Kirchhofi, is that by means of which we are able to see 
and follow, in the full light of the sun, the grand phenomena which 
take place, biit which hitherto had been hidden from us by the very 
biillianoy of its rays In the course of an astronomical expedition 
with which he had been entrusted by the Academy and the Bureau 
des Longitudes, m 1868, M Janssen succeeded, thanks to a 
judicious use of the spectroscope, in disoovermg this method, thus 
opening up to solar astionomya perfectly new field of lesearch 
Tne lead was at once eagerly followed alike by Germans, Enghsh, 
Americans, and Italians, and unhoped for discoveries were made 
This branch, of spectroscopy has formed the subject of special 
study in England and in Italy, it has its own publications and 
private establishments foi carrying on researches of which the 
initiative was due to our countryman 
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Yethe, foi Want of material assistance, Had to lemam inactive, 
We wimessed, -with perplexed wonderment, the annonnoement to 
our Academy of Sciences week after week of discovery after dis- 
covery coming Iroiu eminent men anxious to do justice to tHoir 
colleague, whilst regretting his enforced silence There was, it 
must be admitted, something painful for France in all this , it was 
really a loss of moral strength and influence 

M Janssen had to turn his attention to Other subjects, such as 
making delicate analyses of aqueous vapour, insti noting and advis- 
ing aeionauts, undei taking important expeditions on behalf of the 
Academy But he was unable to sot foot in that veiy field of dis- 
coveries which he had so brilliantly inaugurated, and he has had to 
leave to foreigneis — the Lockyers, Zoellneis, Respighis, Seoohis, 
Tacchinis—discoveries the credit and fame of which might easily 
have been secured to our country 

It has been asked whether it would not bo possible to place the 
new instruments in the old Observatoiy of Pans , whether such an 
arrangement, which of course would he much loss costly, would not 
have the double advantage of gathering together savants who deal 
with hranohes of study which are, so to speak, parallel, and at the 
same time of enabling them to use all the instruments, old and new, 
placed at their disposal in one same Observatory 
The learned reportei of the Academy of Sciences anticipated this 
objection by pointing out that Physics occupies only a secondary 
position m our National Observatory, that the astronomers aie 
pretty well absorbed in the paiont science, and that it is only 
occasionally that they can take up the new subjects * Theie should 
* certainly not be a complete separation , but, by the sido of the 
‘ old Observatories of mechanical astronomy, the Academy would 
“ gladly witness the creation of a reallaboratory of celestial physics, 
chemistry, and photography ” 

The wish expressed by the Academy of Sciences in 1873 has now 
become an imperative necessity, if we are not to lose tho fruits of 
the science we have created 

Impressed with this necessity, your Commission proceeded to 
Meudon, to ascertain for themselves what were tho advantages of 
the site selected by G-ovomnient Under tho guidance of M Janssen 
they went over the domain of Meudon, and visited tho OMteau and 
temporary laboratoi les, receiving from the Director the necessary 
explanations conoeimng the instruments, their installation, their 
pnipose, and tho way to use them Prom the admirable photo- 
graphs of the sun which belong to the collection, the visitors were 
able to judge of the striking contrast between ths Results obtained 
and the insufiioient tneans placed* at the disposal of tho learned 
astronomer It is the Hope of the Oomnaission that the Senate will 
lose no time in voting the building of the Observatory at Meudon, 
and thus supply a want from ■^hioh our soientifio reputation has 
been suffering for years past 

Tho site of Mendon and its OHAteau appear to your Commission 
to be most favouiable for the location of an observatory, celestial 
observations require a clear sky, perfect immunity from tremulous 
motions of the ground, and an atmosphere free from the glare of 

f as The Site of Meudon fulfils these conditions To the west of 
'aris, m a direction whei e west winds prevail, it is sheltered from 
fee emanations from the city which taint and darken the atmo- 
sphere*, It is near enough to secure the scientific advantages result- 
ing from the vicinity of a gieat centre , it is suflcicntly distant to 
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escape the glare of gaslight, and the tremulous motion caused by 
the passing of oarriagos and trams On the terraces instruments 
can be placed under the most favourable conditions, being sheltered 
from the wind, whilst they can at the same time command that 
portion of the heavens which is the most exploied 

Your Commission agree with the Minister that, as stated in his 
Bill, it would ho impossible to find m the neighbourhood of Paris a 
more thoroughly suitable place 

We now come to the question of the adaptation of the rums of the 
Chateau to the erection of an observatory of astronomical physics 

When the Chateau do Meudon was burnt, the upper portions of 
the building suffered most The entresol and ground floor, which 
were the last to take fire, wore infinitely less injured, and can bo 
more easily repaired A complete restoiation would cost two oi 
three millions of francs, (from 8,000Z to 12,0002 ,) whereas a partial 
one, as pioposed, with the adaptation of the establishment to the 
purposes of an observatory, would be very much less costly In 
the latter case it is pioposed only to retain such portions of the 
Ohtoauas can be easily restorod,^e , the ground floor and entresol 
and to surmount this building with a terrace on which would be 
placed the gi oat dome and the instruments for taking celestial 
ohseivations 

The facades of the central pavilhon being thus preseived would 
surround the great dome of the terrace, whilst the terrace of the 
building would bo sot aparb for the observations , the lower per* 
tion, including the ground floor and entresol, would afford the 
necessary accommodation for the lecture rooms, library, caloiilatlnff 
rooms, <fco ® 

Whilst approving the plan of the architect, it is the wish of the 
Commission that the restoiation should extend not only to the 
fa9ade of the central pavilion, but also to the two bays, which 
would add to its breadth A central pavilion of gicatoi bieadth 
would, the Oomimssion unanimously think, give a more elegant 
appearance to the rostoi ed Ohlitcau, and would soctire to this work 
of Mansart a greater regularity of shape The central pavilion alone 
wouldnot b© wide enough, and would bo out of proportion to the length 
of the two wings This modification would no doubt cause an increase 
in the cost, but it y^ould not bo considerable, and the Commission 
have no hesitation m loootnmendmg Government to take into con- 
sideration the wish they have expressed, inasmuch as the adoption 
of this measure will be the moans of preserving moie effectively the 
original characteristics and architectural elegance of the building 

proposes that the private park should be set apart for 
the Obsemtory , this portion of the domain is completely enclosed 
by walls , It compiises, besides a largo extent of land, the outhouses* 
orangery, ko 

The whole of the park will be required foi the Observatory s for 
the deductions of physical astronomy are based on physical experi- 
ments which hav© often to he made on a vast scale , it will therefore 
be necessary to be able to lay down m the park, w^oh is quite large 
enough for the purpose, tubes from 100 to 600 metres lonf, intended 
for the optical study of aqueous vapoui, oxygen, &c 

It should also bo stated that in those days extensive sites are in- 
dispensable for cairying on obsoivations, owing to the absolute 
necessity of securing for the latter a sufficiently large space entirely 
nnexposed to artificial light, or vibration of the giound Thus the 
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Observatory of Astronomical Physios which is now being bet i It 
Potsdam near Berlin, and which is intended for the «amci ainclieii ii« 
those atMeudon, has had a considerable piece of gronnd iot iipftrt 
for it m the Boyal Park The same thing hm been donc^ at V lenna 
and Brussels 

Scientific precedent alone would thoioloro justify thc» park bidiig 
appropriated to such a purpose , but this would not prcfent oortiwn 
portions of the domain being given up to the public In nrrciriiiiitf*ii 
with the wish expressed by M Janssen, the largo terrace which m in 
contiiinanoe of the “ Allde de Bollovuo,’' and winch used to hc^ a pltict 
of public resort, might bo restoiod to the icsidcnts m the tunghhciiir* 
hood and to the Parisians who used fco ficqucnii tbm lieautdul wpot, 
whence is to be had one of the Imost \iowh of Un* cuiymnis of 
As legal ds the Observatory, thoio would bo no objetdion to thw 
terrace being used by the pubbo, piovidcd that the ten ace l»^ 
vacated at certain hours, and that li bo not lighted at night; d 
thorefoie essential that ib sbonhl foim pait tif the‘ gioniuls appro- 
priated to the Observatory 

However, the Bill only contemplates a hmitial appropriiitlmi* 
because the question of the ultimate appropriation of the 
space of ‘^la Q-lacibio,’’ and of that ])ortion of the park cmdiiiiiing 
the rifle ranges formerly used by the troops camping in the pirk, h 
still under oonsidoration The War Office has berore it the qwnslioii 
of a definitive site for those tangos, which aie of pai amount ne- 
cessity When this has boon decided, and the rangtw havi^ 
withdrawn from the paik, which is not likely to take more than ii 
year, it will then be possible to complete the appropriation and 
transfer to the ObBorvatory the whole of the puvato park, iif< to 
secure that stillness and immunity from irotnulous motions of tin* 
ground which ate mdisponsablo for^ carrying on such chdioiito 
observations as those relating to celestial physics 

The “Alldo dos T illou Is ” which leads to tlio (lhatcau and tlio 
private park, being appropriated to the Observatory of Astronomical 
Physios, the cost of maintenanco, including only lawns and wiilk^i 
without shrubbenos or flowers, has boon osti mated at IbJitHI friinrn 
(600^0 a year* This sum with the 1)0,000 fram»s (iJd)OOf,) inaMdntl 
in former years make a total of 65,000 francs (2,fh)0k)» which will 1st 
the usual vote, and appears in the estimates for IBBO, 

The complete restoration of the OhHioau de Mendon” has Imni 
estimated at nearly three millions of francs (ISO, 0001,); the iircltl- 
tects only ask 422,000 fVancs (16,8802) for the partial rcstnrnMnti, 
which would, as wo have seen, have the result of retaining the mmi 
interesting portions of the building, and would give a very eorreid- 
idea of the style of the original structure. Of course, It is a pity tiol 
to be able to reconstruct entirely a building of such archifertiiriil 
merit , but, having regard to the saving effVxtted by iln^ new ncditniii* 
of appiopriation, to the important scientific reciuircments which if 
meets, and to the possibility of preserving at alt events ih«» cliamc- 
tenstics of Mansait’s work, ana at the same time fnlElling th# twi* 
first-named conditions of economy and utility, there should no 
hesitation nl adopting the proposal of the CJovommont. 

The purchase and installation of the instruments and kbomtorlcH 
are estimated in the Bill at 516,000 fiancs (20,6401 )* 

The total expenditure is 1,035,000 francs (41,4002), tnoludiiig 
97,000 francs (3,8802 ), for repairing outhouses ami enclosures. 
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Tixe expenditwe for purohaBo of instruments comprises a sum of 
250,000 francs (10,0002 ) for the astronomical telescope 
Throe years ago, when this estimate was prepared, M Janssen 
intended to haye constructed in Tiance a telescope with an object 

f lass of a diameter of about 60 centimeties , it would now, howeyei, 
e desirable to increase the diameter 

Your Commission, haying hoard that an astronomical telescope 
of 80 centimetres la being constructed for the Obseryaiory of Riisem 
would be glad to see our future ob^^ervator} at Moudon furmsiied 
with as poworful a telescope as Tfrencli nidustiy can piodnoc It 
must not bo forgotten that for too lon^ a time past aRtioiiomy has 
not been flourishing in France; that owing to the paucity of ordeis 
for powerful inBtruments oui makers hayo had to turn thou atten- 
tion m other directions, and that, if wo do not wish to witness the 
transfer to foreign countries of a branch of indiiatiy which used to 
prosper so well m France, it would bo well to promote its ioyi\al by 
proyiding it with work Although wo may not hope to at once 
reinstate France in this i aspect m the first class position she occu- 
pied, It IS our duty to take advantage of every oppoitunity that may 
occur to revive a branch of industry which is so closely connected 
with the progress of soieno© itself 

The cost of the lovohmg dome, which will bo construe bed in 
accordance with the views of the Director of the Obseivatory, is 
estimated at 49,000 fianos (1,9602.), this, with a sum of 155,000 
francs (6,2002) foi various mstruments, 24,000 francs (9602) foi 
contingencies, and 38,000 francs (1,5202) foi laboratoiy fittings, 
make up a total estimated expenditure of 1,035,000 francs (41,4002) 

Among the now appaiatus and laboratoiy evpeii sen are mcludod 
the rcqiiiiomonts mcidontal to photography The Universal 
Exhibition contained Bpooitnens of photogiaplnc pictuios of the (Sun 
obtamod by M Janssen, which wote a somco of attraction and 
interest to the scientific world These HpCciinons arc bhe result of 
perfectly new processes due to the Director of the Mc'udon Obaerva- 
toi*y, they show with ri^markahlo distmctiiosH the granulatioiiB of 
the photosphere, which had not hitherto Inmi obtmiuKl by photo- 
graphy The study of those granulations, begun by M Jaiisson, 
rendeis it possible to forc^see considorablo progress m the knowledge 
of the solar suiface and of the composition of the [ihoiosphorc, a 
piogi'ess of which we shall secure the priority to our country if we 
afibrd to M Janssen the possibility of following it by supplying 
him with more powerful means 


To Buin up, Gentlemen, the items pioposed are as nndor 


Eopairs and appropriation of the iiims of 
the Ohiteau „ - - « 

fV 

,4! 

422,000 or 

16,880 

Eopairs of outhouses and enclosures - 

97,000 

8,880 

Laboiatory fittings 

38,000 

1,620 

Dome of the telescope 

40,000 

1,960 

Astronomical tolosoope 

260,000 

10,000 

Various physical and astronomical instiu- 
ments . * ^ , 

166,000 

6,200 

Oontmgenoies - « • 

24,000 

960 

Together - 

1,035,000 or 41,400 
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This sum of one million, ttiirfey^fivo thonsand francs would be dis- 
tributed as follows 

Estimates of the Ministry ot Pubho Instruc- fi\ ^ 

tioii, four hundred and sixty-soven thousand 
fianos - t. . . « - 467,000 or 18,680 

Estimates of tho Ministry of Public Works, 
hvo Imndrod and sixty-oight thousand 
francs 568,000 22,720 


Togotlioi - 1,035,000 4d,400 


Besides, tho expenditure would be siuoad over three financial 
years, 1876, 1880, and 1881, in three patts of three hunch t^d'anU 
forty-five thousand fiauos (345,000 Ir*, 13, 890h) each, tw shown m 
the following statement 




Financial Years- 



1879 

IBBO 

1881. 



fr 

fr 

fr. 

Ilopau and appropi lation 
rums of the (Ihi-tcau - 

of the 




- 

200,000 

323,000 


llepair of oitthoiises and 

enclo- 




sura walls 

- 

22,000 

13,000 

64,000 

Dome of the telescope - 


10,000 

33,000 


Eaboiatory fittings 

- 

*»« 

— 

38,000 

Astionomieal telescope - 


45,000 

*5,000 

160,000 

Various astronomical and 

phjsh 



cal instruments 

, 

08,000 

27,000 

60,000 

Contingencies - 

- 


* 

34,000 

"Total - 


U 345, (K)0 

345,000 

345,000’^ 


Before asking you to sanction tho application of tho proient 
pTO])osal, it was tho duty of your (bminission, in accordancse with 
tho regulation, to consult the Oommission on IHnance, whioh 
pressed the following opinion 

'' Tho (Jominissiou o/ Enianco, liavmg been offleklly reemested to 
examine the Bill pioposing, 1. O'hat a portion of the domain of 
Moudon bo appropriated to tho purposos of an Observatoiy of 
Astronomical Imysiog i 2nd That a vote bo taken for the Obsor- 
vatory of Meudon— 


* Tito (Kiuimlont o£ tho aiiovo ia British cumooy Is m folkwi # 


M 

i 

1 J 

a,0oo 

' SjW 


m 

4sa 


400 

1,S«« 



*. 1 . 

1,530 

usoo 


, cC#o 



i,400 



060 

ia,«oo 

13,800 ' 

13,800 


Eomlr and nrpiopdfi-tlon of tiio rums of llw 
Unite ^ 

Biopair of outhouses and eholoHure walls 
llomo of toloHoopo . « ^ . 

nahoratory fittings * * - « 

Asn*onomical teUwxme * * . 

yariouB oatronomioai and physical instrumotits - 
Uontingenoks - . « „ 

Total 
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'' Aio of opinion tliat the vote applied foi is instifled by the impor- 
tance of the olpoct 111 view, and that tho funds available in the 
estimates fox 1879 admit of tho talcing of the hist yearly instalment 
of 345,000 fiancs (13,800^ ) m those estimates ” 

We have therofoie tho honom of pioposing for youi sanction tho 
following Bill 

BILL, 

Abticle I 

Tho Chateau do Meudon, tho outhouses of tho said chateau, tho 
orangery, &c , with tlie portion of tho private paxh shown in 
Vermillion on the annexed plan, and tho“Avonuo do Belleville/’ 
shall be appropriated to the installation of tho Observatory of 
Astionomical Physios of Pans instituted by dooioo of tho Cth Sep- 
tembei 1875, in execution ot tho order to cany out tho objoois of 
the financial law of tho 3rd August preceding, 

AETICIiK II, 

The cost of repairing tho buildings and adapting the enclosures 
of the park appropriated to the Observatory, together with the 
purchase of mstiuments and fittings, will amount to one million 
thirty five thousand francs (1,035,000 fr , 41, 4(^2 ), a third of which 
shall be taken in each of tho estimates for 1879, 1880, and 1881 

Of this sum, four hundred and sixty-seven thousand francs 
(467,000 fr , 18,6802 ) shall be borne on the estimates of the Ministry 
of Public Instruction, Worship, and tho Pmo Arts, and five hundred 
and sixty-eight thousand francs (568,000 fr , 22,7202 ) on the esti- 
mates for the Ministry of Public Works 

The expenditure for the maintenance of the private park is esti- 
mated at fifteen thousand francs (15,000 fr , 6002 ) a year An 
equal sum is allowed to tho Observatory as an iiicroaso to its animal 
estimates These sums will be inserted in tho annual grants 

AllTIOIiE III 

A vote for one hundred and thirteen thousand francs (113,000 fi , 
4,6202 ) will be taken m tho estimates of the Ministry of Public 
Instruotion, Worship, and the ?mo Arts, for the year 1879, to 
appear in the first section (Public Instruotion), in addition to 
chapter XIV , Astronomioal Establishments 

AutioIiE it. 

A vote for two hundred and thirty-two thousand franca (232,000 fr„ 
9,2802,) will be taken m tho estimates of the Ministry of Public 
Works for the year 1879, to appear m a new chapter of the 2nd 
section of the Budget IRo 60, and entWed, ** Works relating to tho 
Establishment of the Ohseivatory of Astronomical Physics of 
Meudon/ 

A»noi.ii T. 

The expenditure authorised by the preceding Articles III and 
lY shall he provided fox by tho general resources of the Bndget 
for 1879 
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APPIKBIX D. 


Teanslamon of that paet of Tins 'Ecfokt of tiik Wilna Obsfe- 
VATOKY lOE TUB YeAR 1871 WHICH REFERS TO SoJDAIl PllEHOMENA 

In the first half of the yeai 1871 small scattered spoiH were 
observed in the not thorn hemisphere of the stm in laiititde 10-22® 
they had occasional off-shootH to 4®, and occasionally they appeared 
singly botwoon latitudes 82^ and S8®, m the month of Fldirnary 
thoio were hardly any, but m March they appeared m tliat sjone 
in somewhat larger nnmbors, wulolv extending between latitudes 4® 
and 32^ m the month of Juno, but dm mg all that period their total 
area occupied neaily one and the same extent of the solar Htirfaee. 

In the month of January there was only one spot of medium sisse 
in the soiithein homisphore , by the end of that mouth, howevei, 
there appealed, between 8® and xO® latitudes, a <*onHid(U’able number 
of spots, which succeeded each othei, ilnd whudi, during the months 
of Fobriiaiy, March, and April, spread over an extent of the sun’s 
surface twice and thuio times largoi than that occupied at tlie same 
time by the northoifS. spots In the month of May the numbei of 
the southern spots began to dimmish, and leachetl a minimum in 
the middle of Juno Aliout this time the spotted zones ui })oth 
homisphoios foimed a visible zig-zag aseompaiiHl with tiieir former 
oxtonsioii, first moving to the noith and then, ui th<^ middle of 
July, to the south A fter that the snots in the scmthei n hemisphere 
weie quit© mvisiblo until the lOth of Aagust» and in the north the 
zone shifted to between latitudes 14® and 2(r, In the middle of 
August an immons© spot appeared wholes of the sun’s 

surface), and a mass of small spots apieail to latitude 32*^, i emaimng 
within those limits to the end of the year, covering in the aggi’egato 
nearly the samo space all the time. In the southern hemisphere, 
after an absence of spots during 20 days, a very large snot (nearly 
mgiya- of tho whole of tlio sutrs surface) appeared on the I2th of 
August, a little earlier than the immense spot in the northern 
homisphoio above montionod. This rapidly diminished in size 
between the 18th and 23rd of August, and after this a zone of a few 
very small spots again dosonbed a zig-zag, moving at first towards 
the south The zig-zag of the spots in the north, formed at the 
am© period, corresponded with this one. In the month of Novem- 
ber there was an increased activity in the southern hemisphere ; the 
spots keeping between latitudes iP and 22'^; in the month of 
Booember there was less activity here, while in the north it increased. 
In the month of November the total spotted area of the south 
otceedod by seven times thlt of the north, and In Beoember the 
northern spots, spreading between latitudes 2^ and 20^, occupied an 
area four times as large as that occupied by the southern spom 

Summing up the total areas of tg© spots on all the nc^a^iresfor 
each visihlo period of the sun’s revolution, taking this at 27 ‘ 27 
days, and dividing this total by the number of wws taken, we 
obtained approximate averages of spotted areas seen every day of 
the period 


* The Hates are mw 
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As a more convenient illustration of tlie piogiess of the change 
in the solar activity as legards the formation of spots, we reproduce 
the figures in the following table, for the year 1871 as well as for 
those of 1869 and 1870, for m our last year’s report we did not mark 
all the periods during which views could not be obtained with 
special (Eoman) figures 

In this table wo have adopted Januaiy 3 56 as the commencement 
of the 1869 period 


186! 

9 

Total 
Aiea of 
Spots 
oac h Day 


1870 

)tal 

eaof 

30ts 

L Day 

1871 

Period 
of Eevolu- 
tion 

i> s 

M 

j| 

Peiiod 
of Rovolu- 
tjou 

> s 

O 

Tc 

Ar 

eich 

Period 
of Revolu- 
tion 

0 , of Views 
taken 

Total 
Area of 
Spots 
each Day 

1 ^ 1 

S 

N 

s, 

N 

S 

I 

0 




XIV 

0 



XXVIII 

6 

170 

299 

11 

1 

31 

33 

XV 

0 

— 

— 

XXIX 

1 

86 

1,294 

III 

0 

— 

— 

XVI 

8 

494 

723 

XXX 

13 

347 

838 

IV 

10 

25 

262 

XVIT 

n 

1,156 

575 

xxxr 

3 

339 

1,176 

y 

11 

207 

662 

xvni 

12 

262 

450 

XXXII 

4 

338 

625 

VI 

8 

307 

346 

XIX 

3 

355 

1,547 

XXXIII 

7 

382 

68 

VTI 

9 

109 

289 

XX 

14 

584 

103 

XXXIV 

10 

807 

527 

VIII 

9 

37 

155 

XXI 

15 

446 

91 

XXXV 

10 

368 

298 

IX 

8 

233 

291 

XXII 

11 

586 

277 

XXXVI 

9 

674 

330 

X. 

7 

sro 

483 

xxm 

10 

776 ' 

424 

XXXVII 

5 

219 

434 

XI 

5 

241 

13 

XXIV 

8 

1,938 

292 

xxxvrn 

5 

119 

165 

ICIJ 

2 

162 

201 

XXV 

0 

1 

— . 

XXXIX 

3 

199 

491 

Airi 

2 

381 

213 

XXVI 

0 

1 

— 

XL 

1 

546 

131 





xxvn 

1 

325 

792 

XLI 

0 




The conclusion at which we ariived last yeai from the above data 
in respect to the successive variations of the solai energy in the 
namely, that during the period of our observations 
(1869 and 1870) the increase or diminution ot the activity producing 
the spots generally showed itself fiist in the south, and then passed 
IS evidently applicable only until the period XXXI 
or XXXII , in the month ot April 1871 , in this iponth the spots 
reached their second maximum , (the first was in Septeinbei 1870), 
after which, apparently, the variations of energy began in the 
northern hemisphere Owing, however, to the insufficiency of our 
data, we are not in a position to como to a definite conclusion 
We have already mentioned that September 1870 was the epoch of 
maximum of spots Commonly about the time of maximum fhe 
curve which marks the change in the total areas of the spots rapidly 
rises, reaches its highest point, and bending at a sharp angle falls 
as rapidly Taking the diagram attached to the Eew Be^ort of 
1870 the positions and areas of the spots observed at Kew during 
the years 1864, 1865, and 1866, also the spotted area of the sun’s 
^ visible disc from tha oommenoemept of 1832 up to May 1868,” 
and combvning w%t% this diagram the curve ^representing the result of 
our own three years’ observations, We can show how this curve vafied 
about the periods of the maximum m January 1837, October 1847, 
and September 1870 The abscissas of our supplementary curve are 
exactly those pf the Kew diagram, t e, each norizontal side of the 
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sqwo con^cspoiulH wiik si- pc^nod of two moiiilw, hut- ordiuuit^h 
are obtained Bomewliat ddfqrenilyt Wo took the moaiw of tlio 
entire period of 27 27 days (the apparent period of tlui i^evolutioii 
of the sun), o£ wluoli iio took m ortlor tlio nioang oorrospondiug 
■with 4 solar revolutions, or of 109 days Our figtims expresimg 
mlliontlx patts of the sim*s surface were mulfciphod bj two* wbiob 
gayo US tbo millionth parte of one half of ilio sphoro, wluoli is tlio 
tuixt in the JKow calottlations 

The curve traced from our oheeryationB about the last maximum 
period of spots (1870) is ono and a half times as high as that of iho 
three most recent ponodH, nr , the total sum of the areas of the 
spots about tho maximum poiiod of 1870 was one and a half tiim^s 
largei than during tho procodmg 110 years* This niarkrul difforcwuH^ 
obliged us to enter upon a double vonfioation of our caloulataons, 
but wo did not discover any ir[)pr(Hdablc errot^s* 1 u order to asccu*tam 
whether the maximum of 1870 does really (^xeetul the immediafccdy 
piecedmg periods m tho number of spots, it is necessary for us to 
compare our measurements of their areas with the oalcmlationg 
made at Kow, which as yet we have nel, htsm able to do It may 
bo that our negatives or our system of im^asuriug upon thcuu the 
areas of tho spots by means of the rmea flute enable us to diwtm** 
gnish tho shadows ortho spots over wider oxtouts than can bo done 
on tho Kow negatives and with tho Kow systom of measuroments 

During the year 1871, 280 various mmips of spots and separate 
spots appeared on tho sun This numiior was ascertainetl from the 
table of the distribution of tho spots aocuiding to latitudes by 
rookomng each spot once* 

Tho remarkable phonomorion to which attoutlon was drawn m 
our last report^ vias , that tho number of the various groups and 
isolated spots in the southern and northern hemispheres was luuirly 
identical, recurred m 1871, aa thus 


18<39. 

jgggglll^ 

1871* 

North, 

llllllll^^ 


Sonrti. ' 

North, 

South, 

70 

71 

m 

174 

140 

148 


As in the last two ytaw tho Uital arena of the several groups and 
spots expregsed in millionth parte of the aoli^ surface, was very dif- 
feront in 1871 in tho two himisphorw | In tho noiThorn homitphere 
they amounted to 12,894, in the aonthem to 16,289 j total 28,88H» 

It IS curious that tlio total areas for the last three years art in tho 
aggregate very much alike* 


Nertlieru liomlspluw. Hnudicru 


1869 - 

8,847 . 

- 7,934 

1870 - 

- 20,987 - 

- . IJS.OW 

1871 - 

- 12,894 « 

. . 16,289 

ToWl - 

- 39,128 

'99,267 
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It IS yery prolmblo that duvmg a coitam peuod of time tbo total 
aioas of tao nortborn aiid soutlioni spots aie always eqiiaL 

The total of the aicas oi all tlio spots on 77 photographs = 62,251, 
coiiseqnoiitiy, oyeiy day m tho year about ^1^ of the sun’s surface 
was covorod with spots The laigest spots woro obseiwod on the 17th 
of August On that day imtnonac groups woro visible to the naked 
oyo, one of thorn cqnalJod 1,310 milliouths and aiiothoi 810 mil- 
lionths of tho entire surface, or about and of tbo visible 
smfaoo ; the no:^t largest grou])s seen m the coin so of the year weio 
in size 934 millionthH, 051 millionths, and 458 millionths of tho 
entire surface, Thus, in tho year 1871 tlioro ap])oaicd spots which 
were considerably larger than thofoo obsorvocl cluiing tho maMinmn 
period of 1870 

The spots most remote from the equator woro obsorvod under 38^ 
latitude m the noi til Jiomisphcus and under 20^ in tho south, tho 
nearest to tho cqiiatoi woro m +2^ and —• P Geneially Rpeaking, 
duimg tho last three years, about tho last mavimuin, tho siiots wore 
most distant fiom tho ecniator, five spots woro obsoivod noai 
latitude 38°; thiee about latitude 40—43°, ono at 51P latitude, 
while in tho Kow observations for 1864 and 1868 wo found only ono 
yeai 88° latitude , cdl the others were much nearer to tho equator 

The following is a table showing the distribution of tho various 
spots according to latitudes — 




1869. 



1870 




1871 


m 

a> 

Ko 

ofl 

Total 

No 

- of 1 

Total 

No 

. of 

Total 

rxi 

B 

: Spots 

Areas, 

Hpots 

Arons 

Spots 

Areas 

1-5 


s 

T 1 

H, 

N 

s 

N 1 

S 

N 

H 

N 

S 

0- 2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

60 

2*- 4 

0 

0 

0 

0 

1 

2 

132 

119 

4 

2 

128 

190 

4— 0 

0 

1 

0 

67 

3 

4 

407 

438 

4 

6 

217 

372 

8- 8 

0 

1 

0 

37 

2 

6 

66 

705 

4 

11 

561 

941 

8*10 

0 

1 

0 

23 

9 

5 

1,006 

240 

4 

' 13 

236 

1,217 

10-12 

1 

3 

IX 

40 

22 

IS 

1,818 

1,065 

13 

18 

1,314 

2,382 

12-14 

: 2 

6 

421 

727 

29 

20 

3,729 

841 

17 

25 

8,362 

3,875 

14-16 

13 

10 

1,243 

1,263 

22 

9 

3,159 

S27 

21 

16 

1,353 

2,136 

16-18 

^ 8 

9 

101 

1,397 

25 

18 

3,746 

1,408 

12 

15 

1,146 

2,484 

18-20 

' 4 

0 

291 

0 

23 

22 

2,720 

2,311 

12 

15 

901 

1,318 

20-22 

; 9 

5 

522 

344 

16 

23 

1,468 

2,402 

11 

10 

893 

657 

22—24 

in 

8 

1,087 

b219 

7 

13 

1,181 

772 

12 

4 

801 

80 

24-20 

t) 

8 

767 

760 

6 

10 

462 

1,066 

6 

4 

398 

884 

26-28 

2 : 

7 

728 

838 

2 

4 

709 

201 

8 

1 

330 

26 

28-ao 

1 i 

4 

125 

438 

1 

8 

212 

800 

3 

1 

104 

195 

30-32 

2' 

5 

29 

336. 

3 

3 

168 

347 

7 

0 

197 

0 

32-34 

2^ 

1 

74 

320 

2 

4 

51 

843 

6 

0 

316 

0 

34-86 

2 

1 

27 

120 

0 

3 

0 

386 

2 

I 

59 

16 

86-38 

O' 

1 

0 

15 

0 

4 

0 

413 

1 

0 

25 

0 

3B-40 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

51 

0 

40-42 

r 

0 

60 

0 

0 

0 

0 

0 

0 

0 

0 

0 

51- 5 

1 

0 

61 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Totals 

70 

7i 

5,547 

7,984 
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12,504 ^ 

16,289 
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This diBinbutiou is more cloaily o^^ptOHSOtl iii tho following 
tahulatod statomeiil of tho ineaii areas of tho spoiw in bho Hamo latt- 
tiides of both hemispheres foi 2 !(mo« in 


North and ' 

Total AieiiH 

Houth Zones | 

of Hpof^^ 

i 

O'- 4 

58 

1-8 

, 817 

a-12 

7U0 

12-10 

; 1,H6I 

16-20 

1 1,1HH 

20 2t 

048 

2 1-28 

not 

2B-U2 

2t6 

82 -‘16 

lOH 

80-10 

42 


Tho above tahlo shows that ihospot-i pimeipally appear Imtwoeii 
12^ and 16^, and no\t botwomi HP and 20^ labitudoh, ui the noriln^rn 
as well as in tho southern hemisphore 'I'hey (Ununisli rapidly in 
Bi^so and niimbei tf)wardH the equator, and iiiorc^ gradually hmimls 
tho polos, voiy noaily tin' same appears from (''atringtmdH nmo 
years’ obHorvations, only ho shows a small supc*riority m immUers 
between lat and 20^ over the ssone betwomi bit H/’ and HP 

Ln addition to the above deduetioiiM from our photograplis of tho 
Hun, tUoaccanmlaliou of material tmables us to deionnuu^ witli great 
accuracy tho poHiticm of the plane of the huids tapiahm in relation 
to tho ecliptic and tho period of tin* sun’s reiolntton Fur this 
purpoHO wo instibutod a careful ohscrvation of nil tdu? m^gativi^ 
having sun spots which were obsorvalde through longer nmnod-^, *iinl 
those of tho spots wore stdeoted whudi lawl tho mewt inarKed onthucH 
and which least of all changed form hti fai wo haTo hntml Hi such 
spots Ofthoso wo work(4 upon mghi, four in tho uurthoru ami four 
in tho southern Uomispliore 

Aftex 10 measuiing tho angles of tho position 4 of^tho t 4 pot. wii*h 
Dallmeyor’s apparatus, wo doducod the httliocmitric ktitudos imd 
longitudes, ana thou found the mchuation J of the siiiPs ccpiator to 
tho ecliptic, tho longitude of the aHCcndiug node, U, ami the periwl 
of tho sun’s iovolution/I\ For the dotormi nation of the two fliwti 
olemonts Mr* Borg, who conducsiod this work, hiid reomiii 4 e to a 
method similar to that of Uausa in the detemination of thc^ goo- 
gi*aphical latitude of a place, and of the clock error hy three equal 
heights of throe different ataw* Instead, however, of an erfual ele- 
vation of ihie© Biais» M'r Borg adopted a i^oimtant heliogtaphic Ititi- 
tudoofaspot ni thro© dlibront poaitloui. The porioiuff the sunk 
rotation was obtained by simple proportum T. :idOl a T, 

111 which A T IS tho time nocoisary to chaiigo tho licliogra|iUio 
longitude from o, by tho quantity A h* 



Thus WG obiaui — ■ 
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0 / 

O / 

^ / 

H 28 ^0 

73 40 

7 1) 

h 17 20 

60 53 

7 42 

+ 14 57 

71 12 

6 59 

1 9 34 

78 32 

7 34 

— 7 20 

85 27 

7 30 

— 17 JO 

75 29 

6 37 

- 17 5o 

70 38 

. 7 7 

— 22 13 

72 58 

7 29 

Moan 

7$ 51 

7 17 


T 

2) 40 
25 27 
25 75 
25 08 
25 14 
25 52 
25 55 
27 15 


25 72 


We -will couolado our loport ou obseivations of the sun- with a 
notice of those phonomona ohsciyed m the yeai 1871 with oni 
refraotoi iii the sun’s spots and facuhv, which may serve to exnlain 
then ongin and iiatmc, which wore not coiisideied in oui pievious 
leports, and which coiioborate what we have already stated 
On the 15th of July a gioup of spots made its appeaiance in the 
foimo a shadow line, in which wore disceinible lour nuclei, of 
these the thud fiomthc top visibly piojected beyond the shadow 
towards the sun s edge Prom the side of the sun’s edge the shadow 
line was li axnea by a bright white sti*eak 
A similai phenomenon wa& ohseived on the 23rd of July diirino- 
the disappearance of another lather laige spot, tbe nucleus was 
distmguishciblo until the last moment of its visibility Below this 
spot the ^loup ofhtfcle black spots also disappeared, m which only 
thenncloi weio Msiblo, sinronnded not by shadows, but by lio'ht 
flaming sti oaks ® 

On the 20th of October a largo sjiot appeared., lu which fiist of all 
the dense black streak of the nucleus was visible, while a long and 
afinei shady sticak sti etching down fioni the fust, and bendino-, 
almost touched the edge of the sun at an acute angle The spot 
displayed its form more and more, and on the next day all the de- 
tails wei e seen m the shadow and m the nucleus It was found that 
the shadowy stieak which had been observed the da}' before consti- 
tuted the left margin of the spot, which was fnithei from the edge 
than the nucleus ® 

All this, with the foregoing, tend to convince us that the nuclei, 
if not higher, aie not lower than the shadows 
The year 1871 was distnigmshod for the size and abundance of the 
/uwte on the sun In tho journal there aie fiequent entries like 
this amice precede the spots or suiiound them, the 

spots seem to be swimming m the f amice, the faoulce extend to 
‘ at least i of the diameter of tho disc , the faculce may be traced to 
the spot (40® from the edge) and even faither , they gradually 
‘ disappear m tho birght centie of the sun In 1871 we fiequently 
observed quite detached faeulcB between the spots and the centre 
of tho sun, and occasionally in the absence of spots 
We never have seen any special work onfctculce, they may have 
their own periods distinct fiom those of spots, if not in respect to 
duration, at all events in respect to times of maximum and minimum 
If we obtain with regularity such photographs as that of the L3th 
August (six hours) 18/1, on which the famlce were so distmoth de- 
picted, this question might bo definitely settled 
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Fiom Major-(kiiorai .L F WMiKiiu, (t B , RM, Hiirvi*vor-ftiiii«nii 
of Tiiaia, to fclio H^'Iiktary^ Hcunico and Art Dofmrtnnnii, Hmiili 
Koimuigton, London, B^W 

Clo%tn*nm£ni( uf Imlnt, 
Humn<>i-(ionf‘ml\ Fade I Oflloo, 

Bxxi, JVluHM»orn% didod Rli Jiilv 

Ik rG])Iy to your loUov o(* ilio iJJih Mu> I havo to htatf^ tlnd 
tLo poHBibdity of Inwmg actinonudnc ohH{‘rvatuuw nmdr \n liidb, 
and of obiauung lUuorc^Hfcmg ami valualdo unuUh from tlnnn, IniH 
already boon oHiablmhod by ilio oporatioiiK id, iHdna Ihltumd Mm- 
aoonofin October and Novomhtn* JBOO, of wlimh tin lOHnintif ^%tll Iv* 
found in a lotU^r fiom .L B N* nonntvHHey, hht{*^ Hinieriii- 

tondont of the (Iroat dVigonomHru ul Bmnoy, id* |«ig£*« i«* uBt of 

the ProooedingH of tlio Royal Booiotv, N(^ IJ n 1H7d 
2 T gathot , however, froTu the papern luemnpanving Viuir loiter 
that the ob]octtiow in mow m to obtain eontuitioiiH aetiuotnetrnM 
obBcrvabouH for an long a period an poHBilde, for^linH purpoM* *t 
site well olavaticd above the lovmr Mt.rata of i\u^ 4ttno‘4plmr«% iind 
aituated beyond tlio niflueneo of the Indian monmioiw. in Bonn* fairly 
oivilifsod locality whore the neeeHHaric'B of lift' are to Ih» oblidnell 
without Tnuch difflt'ulty all the^ ytiar nmml, m maa'^Mafy. 

B Buoh a Bifco, f believe, m to be fouiul in Leb, an already wig* 
goBtodintho Report accompanying your hdler Dr (Mvley, wim 
resided iherti daring the greaUn' portion of the yeiir (though not 
during the win U^r) for four years, and of wimm I nnnle tut 

the aulijoct when 1 roc eivod your hdier, lefilietl oh follows i 

boliovo, from much oKporimtoe of the c Itinide, Hint few beitm* 
plaocH in the world could be found than ladi for any auriolwmwatioii. 
The number of cloudy days ni the jear m very*«nidL One may 
Biiw that fiom early Apitl to (hdober thert* are iilrmwt nonm 
1^0 air iS])Difeobly (fry and (roe from nudHiire, mid wiflwiit 'iitfamr 
of any kind. There m not on an average above of raiti, llurittg 
the (Ivo winter monthH there in more elmid iind wnu' himw, biti «tili 
compaiativoly little, notlung like the more Howttiern illfiiidayap, ittiil 
there la far moie of elcai tlian cloudy weather 

to duHt there ih often a goml deal of <luwt and raitd td»>wiiig 
up the mlhy of the Im!m Maio m the wttidy |«rt of the iifti'r 
noon, but it m vciy partial ami never olwcure^ tliesky, and iit Leli 
xtsoir, which IS between four ami five miles up ii Hhle Valltw^ t«wl 
sarroiindcd by ouliivabtHi ami irrigated fUddn, ihiirit in no dimi m itll; 
the air is always perfectly tranmmrent, so that tiui tmmi di«fant 
moimtam peaks arc as sharply defined as if tlmy were (dtise iit ItiiiwL 
In the wide plain of Ohanthang beyond Hliangcluimim yon get 
driving Btorms of dust and sand, and often saline uuthtr, pretf> 
nearly every afternoon, and I suppose tn \arkiwd In Piiiinner tliitre 
IS a constant atmosphere of dnstj butm l^mlak there m itoihtitg of 
this kind, and! behove Lch would prove a most perfect site for 
baking actmomctrio obscrvatimig/* 

4 Leli IB 11,500 feet high above the sea level $ it is Milttaied in 
latitude 34 10, where the mctulian altitude of the siiii riwig#^M from 
to The hxod i>opulation is said to nmgc from hOB ti> I JM)o 
souls A European gontloman, Mr. Johnson, Wimir to the Miilmro- 
j ah of Kashmir, rosidos there all the year loundi and thcA^iit for 
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ibo Govemor-Greneral of India usually does so too now, tbough 
wlioii Di Cayley held that position lio left tlio placo during the 
winter 

5 Anothoi placo lias boon loooinmoiulod to ino by Mr Hennessey, 
Karzok, the capital of Ruksliu, in latitude 3‘2 58 and longitude 78 is’ 
the height of which is about 15,000 feet Jt is much smaller than 
Leh, and is said to possess a fixed poinilatioii of about 50 souls, 
nicludmg a Lama and the residents in amonastciy, the Wazii of 
Rukshu, a native of the countiy, tesidcs theie The atmosphoie is 
said to bo clcaroi thoio than at Loh 

6 Possibly other places might bo mot with in the ncighl)onihood 
of the many moiia stones m those legxons, whoio men of science 
fiom England might find life vciy bearable and oven mteicstiiig, 
for a yeai oi two, whxlo taking actinonictiic obsoivations, which 
would piobably leai o thorn siifHcnnit loibiiTO to dovote to many othei 
investigations intciesLing to thcmsolvoB and \aluahlc to soioiico 

L have tin' houom to l)o, 

Rii, 

Youi most obedient servant, 

J T WA.rjcini, 

Majoi-Gronoral, R E , 
Smvoyoi-Grenoial of India 


APPENDIX F, 


Refout on Suf Spot (No 1) (seen lietivoon August 30th and Sop- 
tombci 3rd, 1879) by Mr. J. NojiivrAK fjockYUR, V R S 

The spot when fust H(‘cn on tlu^ 3()th August was in the noifch-cast 
quadiant, tho nucleus was in sliapo like the letter S and not very 
daik Exanuuod Hi)OciioHco[ncally it showed only ilio Mg linos 
widened 

In each case the pictures are given as seen on the sbt plate, the 
vortical Imo reprosoniing tho motidian 




Isl ScpUmbol — Tlu' micli'UH litul cliaugod to the shano of flio 
fignio 3 mul wiw mucn uaikoi j the httU' spot to tlio oast bad biokou 




/ 

/' 


up into throo smallor onos. Rovoriil more Imps woro (ifrootod, hut 
betwooii b and F a dwkoiimg of fcho Imps was olmpcvcd but no 
widomng 

2nd Soptombor 'I'ho nuflous bad beoomo ppar-sliapod and wn» 
vorydaik, the three miudl snots to tbo cast had also disappoarotl. 
Tho atmospheio was verv elcai , ami J conld easily detect in tho 
spootium the absorption (luo to tho pores I noticed to-day a great 
number of lines botwoeu b ami F widened (sec th(> sobjoiiicS list) 



3rd September. — I was again able to obsorye tbe spot under yory 
favourable randitions It ffos still pear-shaped, but tho narrow end 
wemed as though it was being foreed outwards 'The absorption 
Wis mu<Jk incroMed and a greater number of linos wore widened, as 
the following table shows, 



IGl 



4th Septoinbor — I was able to see the sun^for a few minutes, and 
then saw that the nucleus showed more signs of internal disturbance 
A hasty spoctioscopic examination showed that the linos were more 
widened th^n } estei day 



8th September — Had a glimpse of the sun after four very cloudy 
days, but could not see spot Made a hasty spectroscopic examina- 
tion of the buu’b wesicin hmb, but could not see any prominences 
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Spot No 1 1879 (August SOtli— Sept, 3rd) 

In Table I is given a list, for each, day that observations were 
made, of the lines affected in this spot , and likewise a list of lines 
affected in a spot oxamined at Greenwich in October 1877, which the 
Astronomer Royal has kindly supplied to the Oommittoe 

The second ordei spectrum of a grating h^ing 17,280 lines to the 
inch was used for these obseivations 

In Table II a reduction of those observations has been made, and 
tables are given showing the effects of the spot upon metallic lines 
The metals included in this reduction weie chosen oithoi because 
some of their lines weio seen widened in the spots, or else because 
they have lines coincident with those of anothei metal within the 
region under discussion, viz , fiom b to R 

Metals having lines with leading in Thal^n’s list identical with 
those of the metal undei oonsidciation aio entoied under “ Ooinci- 
dences,” whilst those lines which aio basic according to Angstrom’s 
Map will obe found in the last column of the table uiidoi Ooincidont 
Metals in Angstrom’s Map 

Table III shows how ThaUui’s basic lines weio affected in this 
spot 

Table IV is a summaiy of Table II Tho total numbei of 
unaffected metallic lim^s, added to those seen in spots and stoims 
and diminished by those common to both, gives tho total number of 
metallic lines 

Tho chief diffoionco between this spot and that of October 26th 
1877 is the great mot ease in the numboi of lines widened oi other- 
wise affected Thus it will bo found that m the yoai 1877 only 21 
lines were widened m the region between b and P, whilst in this 
spot no less than 140 lines are so affected, bnt strange to say five of 
the lines widened m 1877 arc not affocted m this spot 

Pourteen of the 21 hues seen in l877 have con esponding leadings 
m metallic specfcia, and such also is tho case with no loss than 99 of 
the linos seen this ycai 

It will he found on oxammmg the table of basic linos that of tho 
7 basic iron lines all were widened this ycai , whilst in tho year of 
minimum sun spots threo only wcic affected Again this year two 
<011 i of the four basic titanium lines aio leoorded as having been 
widened, whilst m the ycai 1877 only ono basic titanium lino was 
affected 



168 


List 


Kotd 




Green 
wich 
31st Oct 
1877 


1)1 6183 0 


bi5172 0 

bsSlGS 3 
b46166 7 


OS' Line$ seen wieenee in the Beoion bet-ween h AND F fwaye 

longtliB 0183 0 to 4860 0), ^ 


-Tlio motals entorod in itaJios AnsstidmN map. tliose ni roman from 

” indicatot. Uia amount/ of »>■ ^ugle " w ” 1361118 the smnUes.t widening, 

« f s 1 ” means fm’nt solar huo 1 ’ = ime " n ” or “ m ”= 


Giggr- 

wich 

Kon&ing 1 
ton 

Konsnigton 
iHt Kepi 
1870 

Kousnigton 

Ken&uiffion 

Metals 

3rd Nov 
1877 

50th Aug 
1870 

2tid Sopt 1870 

5id Sept 1870 

5183 0 

6183 0 w 

6LS3 0 w 

Cl 83 0 w 

6185 0 w 

517b 2 w 

Mg 


f a 1 less 


ih 

lb 



lefmn- 






giblo 
than bj 

6172 0 \v 




6172 0 

6172 0 w 

5172 0\v 

6172 0 w 

Mg Te 



5168 3w 

C171 1 w 

6171 1 w 

Tc 

6108 3 

6168 3\v 

6168 3 w 

6168 3 w 

Fe Ni 

5166 7 

6166 7 w 

6108 7 W 

6166 7 w 

OlOb 7 w 

6106 8 

6104 6 

le Mg 
Fe 

Fe 





f a 1 less refrangible 





than 5161 6 ww 





6101 6 w 

5161 6 w 

Fe. 





f s 1 less refrangible 





than 6158 6 ww 





5168 6 w 

6158 6 ww 

Fe Zn 





r s 1 ueai 6160 0 ww 




5165 3 w 

5163 2 w 

Ti 




6153 6 w 

5162 5 w 

T1 Na 




6161 2w 

5151 2 ww 

Ti Fe 




f s- 1 HI 6150 0 





■WWW 

6160 Od 

f s 1 ni 6140 0 wwv 

Fe 




5It7 2w 

6147 2 w w 

Fe 




6142 3 W 

6143 2 ww 




6141 0 \v 


Ni Fe 




f s 1 ni 61 to 0 






WWW 

5138 Oww 

1 nr 6138 0 ww 

Fo 





61 56 8 w 

1 nr 6156 0 ww 

Ni Fe 





6133 0 d 

6132 0 WW 

Te Fe 

6114 9 
5109 8 
6108 8 




6107 0 w 

6X02 Iwww 

Fe 

6000 2 
6098 6 



5008 6 w 


Ni 

6008 1 



5098 1 w 

6098 Iwww 

Fe 





bright gap nr 6096 0 





„ „ 6086 0 





5083 6 w 

6083 6w 





5082 2 W 
6081 8 w 

6082 2 w 

Fe 




6080 6 w 


Nu 




6078 8 WW 


Fe, 




6077 9 WW 

6077 9 WWW 

Fe 

6076 8 




6076 8 w 

Fe 





6074 0 w 

Zn Fe 




6071 8 w 

6071 8 w 

Ti Fe 





6068 1 w 

Wo Fe 





6066 3 w 

Fe 





6064 4 ww 

Fo Ti 




6061 0 w 

6051 0 w 

Fe 




6049 4w 

6049 4 w 

Fe 




6048 Ow 

6048 Ow 

Zn 
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Green 
wi( h 
Slsfc Oct 
mi 


Gi een 
wich 
3icl Nov 
1877 


Kensing 

ton 

doth Ang 

1879 


Kensington 
1st Sept 
1870 


IConsiugton 
2nd Sept 1879 


5041 5 
5041 i 
5011 2 
6010 2 


6017 8 w 


coil 2(1 

6010 2d 


5015 8 
6035 3 
6084 7 


500C 6 vv 
6006 2 w 
6001 9 w 


^ 4931 8 


4984 7 w 
4983 6 \v 


4981 0 


4981 0 w 
4070 6 w 
4977 8 w 


4961 2w 
4952 2w 
4949 3w 
4945 8w 


4941 4w 
4938 8 w 
4938 4w 
4938 Ow 
4933 4w 
4927 Ow 
4924 4w 
4923 1 w 
4921 2w 
4919 8ww 
4918 2w 
Faint lines more 
refrangible than 
4918 0 


Kensington 
SrdSept 1879 


5047 8 w 

6013 iww 
6011 2w 

6010 2\v 
6037 8\v 
6035 8 ww 

6035 ,3 mv 
6031 7w 
6027 2 w 
5026 2 w 
6025 5 w 
5021 7 w 
6021 Iw 
6019 3 vv 
6017 Od 

6036 6 w 

Blight line ni 5016 

6011 2w 
6013 3w 
6011 Iw 
6006 a w 
6005 2 ww 

000,3 1 w 
6002 Ow 
6001 Ow 
1009 0 w 
4008 8 w 
4097 4 w 
4005 8w 
10J)3 3w 
4990 3w 
4088 3 W 
1081 SW) 

408 1 7wf- 
4083 hw) 

4083 3 w 
4983 5w 
4081 9w 

1081 a w 

4081 Ow 
4079 6w 
4977 8w 
4976 9ww 
4076 2ww 
4070 Oww 
4000 4ww 
1969 Oww 
4967 7ww 
4067 3ww 
1961 6w 

f S I Pi 4959 0 w 
4966 7 d 
4964 2w 
4962 2 w 

4940 3w 
4{)45 8ww 
4945 2ww 

4941 0 w 
4041 4d 
4933 8ww 
4938 4ww 
4933 Oww 


4910 8 (I 
4918 2 d 
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Fe 
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Ti 
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Fe 

m 

Ni m 
Na 

m 
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ThalOii 
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Tule IV , showing the number of lines belonging to each Moial widened 
in the Spots seen August 3Cth to September 3rd, 1879, and October 
26(h to November 7th, 1877 
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Our A. MkTITOB 0*P BfeUBCmNO due truKNOWN InEQUA-LITIES 01 A 

Sbiues 01 OmmVAnom By PLiofEssoE Baleouk Stewart, 

f BS^ 


1 Our eiiiof reason for BixBpccfciug ilio e\isfcencc of a coniaexion 
|)owecii tile state of the solai surface (as this is revealed by spots) 
and the magnetism and meteoiology of the Eaifcli is derived from 
the fact that onr ohHOXvational scries of ami-spots, on the one hand, 
and of magoetioal and metccnological changes, on the other, aie 
lielieved to he all subject to a common inequality, whoso period 
(about 11 years) ib vntually the same in all 
But as it IS only of late yeais that observations of gieat accuracy 
have been made in those three branches of inquiry, it is impossible 
to compare together more than a lew scries ol this long-peiiod 
inequality, andlience some obsoiwois aie still inclined to doubt the 
reality of a true connexion between the Sun and the Eaith of the 
kind above-mentioned We axe thus led to ask oni selves whethei 
there may not ha other mequalitios of shQrtoi period lu these various 
observations^ and whether we cannot devise some means of aseex- 
tammg the eicact periodical times of these as well as their other 


ittighb thus expoob to dooido the question legaiding a con- 
nexion b^ween ^ese thioe hianches, for if solar ohserrations and 
those of teiTOstidal magnetism and meteorology all exhibit a series 
of inequalities chat aio essentially the same in each, it is impossible 
to call m question the reality of some connexion between ^em 

2 Tho rosearohos of Broun, Homstoin, Buys Ballot, Baxendell, 
and others havo indicated the probable existence of inequalities in 
magnetism and meteorology, with periods of compaiatiTely short 
length Messrs Do la Bne, Stewaifc, and Loewy have likewise 
obMrvod indications of a short-pciiod fluctuation in sun-spots , but 
I am not aware that any systomatic attempt has yet been made to 
asoOTtam with great precision the exact period or periods of unknown 
inequalities either in terrestrial or in sun-spot obseryations 

3 In order to illustrate this method of detecting inequalities let 

ns begin by taking a woU-knowTi case ^ - ,. 1 , 

Sunnoso that we had m our possession extensive icoords of the 
temneraturo of the Barth’s atmosphere at some one place m middle 
latitudes, and that, independently of astronomical knowledge, we 
were to make u^o qf these for the purpose of mvestiga,^ the 
natural luoquabties of torrestrial temperature We should begm 
by grouping the observations according to various periods taken, 
say? at small but deflmte timo-mtervals from each other Mow, if 
our Bwies of observatious wore suffioieutly 
one of our various groupings together of this series 
spond to a real mequwity, we should expect it to ® , 

defined and prominent fiuotuation, whose departoes 
below the mean should bo of considerable amount Suppose, for 
instance, that we have 24 points in our senes, and that we group » 
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lono* senes of temperature obseivations lu i‘Ows of 24- eacli, tlie 
time-istance between two contiguous members of one row being 
one hour Tbe series would thus repiesent the mean solar day, and 
we should without doubt obtain from a final summation of our lows 
a result exhibiting a pi omment tempeiaLuie fluotuation of a well- 
defined character, which we might measure (as long as we keep to 
24 points) by simply adding togothoi all the depaifcurcs of its 
vaiious points from tho mean, whethoi these points lio aboye oi 
below, in fine, by obtaining the aiea of the curve which is the 
giaphical representation of the inequality above and below tho line 
of ahsoissae taken to repiesent the moan of all the points Suppose 
next that, still keeping to lows of 24, wo should make the time- 
interval between two contiguous mombeis of a row somewhat 
different fiom one houi, whethei gioatei oi less, wo should now in 
either case obtain a result exhibiting, when meaSui od as above, a 
much smallei inequality than that given when tho interval was 
exactly one houi , and it is even possible that, if our seiies of 
observations woie sufficiently oxtensivo, we should obtain hardly 
any traces of an inequality whatevei In fiiio, when each row 
accurately represented a solar day, the lesult would be an inequality 
of large amount, but when each row lepresented a period eithei 
slightly less oi greatei than a day, tho result would bo an inequality 
of small amount 

4 This process, as fai as I have desciibed it, is not new, having 
been already used by Baxendoll, and probably by othoi observers of 
stellar variability In tho piesent case we should by its means, 
after bestowing enormous labom in variously grouping in accoi dance 
with a great number of periods taken at small inteivals from each 
other, obtain definite results These might be giaphioally repre- 
sented in the following manner The lino of abscissse might be 
taken to denote tho exact values of the various peiiods, forming a 
time-scale in fact , while the ordinates might represent the areas oi 
Summations obtained as above by employing these vaiious periods 
There would thus be in the case now used for illustration a very 
prominent peak, con esponding to 24 hours, which would fall off 
very rapidly on either side 

In this particular instance, having obtained as a result a period 
of exactly 24 hours, there would probably be no occasion to do any- 
thing more, because we have no reason to suppose tho existence of 
any other temperature period very near to 24 hours in addition to 
the one exactly corresponding thereto 

We might, therefore, proceed finally to evaluate the obtained 
inequality, which would represent the mean daily variation of 
temperature 

5 It would be different, however, should there prove to be a 
number of inequalities having periods very close to one another on 
the time-scale In this case, even when we had obtained a graphical 
representation of our results in the manner just now mentioned, it 
might be supposed that the various inequalities to some extent 
interfered with each other, affecting not only tho position m the 
time-scale of the points of maximum inequality, but also the extent 
of range and the form of these inequalities We Should therefore 
have next to eliminate the effect of one mequahty upon another 

The whole process would thus consist of two parts In the fiist 
place, by enormous labour, we should have to pbtam a graphical 
showing the exact positions in the time-scale of the points of 
chs^swed maximum inequality^ We should then have to eliniinate 
the effect of the various inequalities upon each other, provided it 
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he found that feliore aie several sucli inequalities very close together 
In the piesent appendix a method is exhibited by which the^ great 
labour of the first of these two processes is materially abridgedJ 

6 Let us begin by making use of certain records of the Kew 
Observatory, which have been received thiough the kindness of the 
ICew Committee In these the daily langes of the magnetic decli- 
nation aio given aftoi excluding disturbed observations by the 
process of Sir B Sabine* The daily langes aie given in inches, and 
they denote the diffeionces between the greatest and least values of 
each day's hourly tabulations from the curve of the self-recording 
instiumont, disturbances, as already mentioned, being excluded 
These records extend from the beginning of 1858 to the end of 1878, 
ombiacing in all 16 years’ observations 

7 Let us next group these Kew declination ranges in such a 
manner as to represent a period of 24 25 days It is unnecessary 
to describe the details of the method by which a series of daily 
obseivations may bo gioupod so as to lepresent a period that is not 
an exact numboi of days , suffice it to say that a long series of 
upwaids of 240 rows is at length obtained, each embracing 24 hori- 
zontal figures Koi IS it necessary to give the reason which induced 
the selection of the precise peiiod of 24 25 days, since for all piactical 
pm poses this may be regarded as a period chosen at random 

BLaving gioupod the whole 16 yeais’ obseivations according to 
this peiiod, lot us next break up these into yearly sets Each of 
those sets will thus be freed from the influence of the well-known 
annual inequality of declination range 

These yeaily sets will embrace generally 15 but sometimes 
16 lows ol 24 each 

The next operation is to sum up these 15 or 16 sets for each of 
the 24 voi tical columns It might naturally bo supposed that we 
should then divide each of the sums so obtained by 15 or 16, as the 
case may bo, and then find the difleienco of each of the 24 quotients 
fiom tnemoan of all the quotients, such differences, when placed 
togothoi, repiesenting the inequality for that year 

Theie appears, however, reason to believe that on those occasions 
when the daily range of the declination magnet is greatest the 
variations of this daily range are likewise greatest and possibly in 
noaily the same piopoitxon. It is thus probably safer to adopt the 
following plan with respect to the yearly results , namely, to regatd 
the mean of the 24 sums for each year as equal to 1,000, and to 
lopiesent each individual sum upon this proportional scale 

8 Adoptingthis plan the yearly inequality is, therefore, lepie- 
sentod by tho senes made up of the differences of each of the 
24 pioportioiially i educed sums from this noimal value (1,000) 

As it IS desirable to lepresont each yearly inequality by means of 
a curve, this senes of difleronces has been to some extent smoothed 
or caualised The primaiy senes (A) has been converted into 
another series (B), also of 24 sums, each sum of (Bj being the mean 
of four consecutive Sums of (A), and the Senes (B) has then been 
conveited by a similar piooess into a series (0), each sum of which, 
is a mean of four coiisooutiye sumS of (B) This amount of equali- 
sation, by getting rid of what may be termed accidental fluctaation, 
IS quit© sufficient to enable a cuiVe to be drawn, well representing 
each yearly inequality The equalised yeaily inequalities corre- 
sponding to tho period 24'25 days are represented in Table I, 



Table I —Equalised Yearly Ineqnahhes of Kew Declmation-Taiige corresponding to period 24 25 days 
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9 A glance at the sums of tins table lot iho whole 16 years will 
&uj0fi.ce to show that 24 25 days do not coiiospond to tho exact peiiod 
of any mat ked inequality The sums aio small, and wo conclude 
theiefoie that wo have not boon foitunato m our chance selection of 
a period to begin with , but tho poculiaiity of this method is, that 
it will enable us to asceitain tho tiuo position in the time-scale of 
the noighbouiing piomiiiont inoquahtios by moans of the losults of 
Tablo I The method of doing this can easily be i endered evident 
Bach hoi izontal low of Tahlc I consists ol 21 numbois, and thcie 
aio Ibyoais, beginning with 185B Wo may, theiofoio, call the 
uumbois of tho first lOF (l)r»a3 )». tlj-oso of the 

second low (Osd, ( 1 )^ 9 , , (28),9, and so on ioi each low 

In this tabic, thoiefoio, each vortical column consists of simiLu 
numhois foi tho vaiious yotms, adopting tho notation now men- 
tioned 

Suppose, howovei , that wo displace IhcBO values as follows — 


1858 

. (0)ss (l)„a 

(•i)«H 

. (21) .3 

(2a)„„ 

(23), s 

1859 

(1)m (2)ao 

(3)»« . 

. m.. 

(a3)«, 

(0),„ 

1860 

(2)ih) (3)()(| 

(4)(«i 

(23)(}() 

(0)«, 

1)« 

1878 

. (15)73 (16)7. 

(17)73 ’ 

(12)73 

(13)7, 

a4);3 


Kow, if wo add up the vauous vertieal columns of this senes the 
sums will ropi osont an inequality somewhat largoi in period than 
24 25 days Foi it is mamfest that if wo have a legnlai senes of 
waves whoso values wo plot numonoally after the inannoi of Tablo I , 
the oonsoquonco of adopting too small a timcvsc'alo will bo to tin ow 
any salient point of tbo wave, such as tho oi est, always further and 
fuiihei to tho light, and to con cot this we should have to pull the 
whole souos a little to tho left each turn' J>[ow, this is piccisely 
what we have done in tho above pioccBs, winch will thus give us tho 
lopresentation of an inequality of a laigor period than 24 25 days 
It IS easy to find tho exact length of ponod whush tbo above senes 
ropiesonts Wo pull everything to tho left neatly one day, but 
more accurately tho 24th part of 24‘25 days in one yeai If, theio- 
24 25 

fore, 865 25 days give what will 24 25 days givoP Wo find 
from this pioportion that tho period of the inequality indi- 
catod by performing tho above procefes is 24 25 + 24 r ^ “ f g 5 ^5 

» 24‘817 days Again, wo may pull things to tho left two, thioe, 
Ol foul divisions each year, and thus obtain tho i epi osontatiou of 
inequalities with penods of 24 884, 24 451, or 24 518 days 

Or we may porfoim tho opposite operation of pushing things to 
tho light one division each yoai, and thus obtain tho representation 
of an inequality, having a ponod of 2 i’ 188 days, while 2, 8, or 4 snob 
divisions each yeai would give us periods of 24 116, 24 049, oi 
28 982 days* 

10* It has boon found nooossary to push things not merely by the 
multiple of a whole division, rjght oi’ left each year, but by the 
multiple of half a division 

To aocomphsh this wo must obtain for every alternate year a 
series of half-way points, which is best done by converting the series 
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of sixoli yoars mio ourvosi and UBingihoao to give u« the half- way 
pen ids 

For makiuoc, should "Wo wish to pull thuxgB to the left half 
a division oaoh yoai*, wo should adopt the lollowing arrango- 
mont 


18 S 8 , 

. (0i)M 

(U)a« 


. (20),. 

mu 

(231)., 

1859 . 

. (1 

)w 

0 )m 

0 )m < 

. (22)«., 

(2*1 )s» 

( 0 ),.. 

1860 . 

. (1> 


m)m 



(2:U)« 

( 

1801 . 

. ca 

)u 

{’1 )tu 

(t ).,i 

(20 )u 

( 0 ),„ 

( 1 )m 


« • 


11, ’Tho following plan has boon found vory UBoful m abridging 
the khom of these leduotiouH, 

Sixteen perfectly Hiimlar strips of thi(*k papeu* art* takt*ia one ff»r 
each year Mach of iheso stripn is divuled into 4H «mid! eotnpiiti- 
Monts, a vortical hlatk lino hoiug ruled at tlu* l)t*guuiuig* tin* luultlle, 
and tlio end Upon feht' first ol these stinpH the mt‘cpiality, nav tot 
18f>8, IS wnttou in dujdieato, so fckit the stH*cmd 2t figures art* n 
repetition of the fh Hi, The same m done tor the othei ears 1'lit*se 
BtiipH arc then atta.eht‘d to a frame whuh allows tlieiu to slide along 
with rcgai*d to each oih(*i, and at the sann* tune only (*\)» 04 eM 
StlinoH of figures at a tune By tins method they ean easily ht 
aiianged aeeoiding to any gi\eu or(h*i, and iln^ huium made With 
%f'iy littk iiouhle 

U is fuithoi desirahlt* to t‘\hilnfc all the poHiiive valm*s^ say, in 
black, and all tlm negatxvc vahus in rod, so that tiie e}e may iWi!> 
distinguish hctwec*u them, 

1'he following wdl t*\hibit the nature of the arrangmueut., only to 
i^avo spaco 1 take an inonuaUty consisting of only four fcmmis. 


mu 





* 


* “i 



j 

I j 

(dJ 

(2l..« 

1 ((>)«. j (1)« 



1 (<>)«-. 

(1)„» 

1 1 

1 

(0)m 

1 j (l)w» j 



(i).« 

(2)«i 

(3)«, 

(0)i« 

(l)nu 1 (2)i»i j (3)nii 


(i)fli 

1 12),„ 

1 0t)„i 

('>)„, 

(1)« 

|(2)„. (!l)„| 










The verihail portion between the brackets is hero alt tludi m 
txposeci 

12 Before coneluding this description it ought to be riuiiarked 
that the method can only be considered as cmToct for primls tmt 
far temoved on either Hiclo iVoin that for which tfhii iieflos waM origo* 
tiully framed dims, In the present inHianoci whih^ the resultiiol 
Tiihio L will readily Indicate mcqualitbs that lie sl\ division 
lof 0 007 day each) t‘ither to the right or loti of the normal serlea, if 
is anparont that + 12 dlvisioim from the nomal muit iiece^wirdy 
c:^hiDit tlio same result as 12 1 it wiU not th#eforo do to pnih the 
method noarly so far 

10, Whom this method 11 applied to Table Ik w© obtain th# foh 
lowing roinlti i--* 
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T'ablo II — EKlnbituig tho roRtilts of tlio abo\o metliod applied to 
tiio numboi s of Tablo 1 


Divitsions from 


Exact period 


Magnitude of 

noimal 


in days 


inequality 

-8 0 


23^133 

. 

1438 

-7 5 

- 

23 7460 


1757 

-7 0 


23 7801 

- 

1546 

-0 5 


23 8140 


1017 

-6 0 

- 

23 8175 

• 

1698 

—5 5 


23 8810 


1141 

—5 0 

. 

23 9146 

- 

1002 

-4 5 

- 

23 9481 

- 

2000 

-4 0 

. 

23 9817 


295 1 

-3 5 


210152 

- 

3109 

-~3 0 

- 

24 0487 


250 1 

-2 5 

- 

24 0823 

- 

1289 

-2 0 

• 

2ni5B 

- 

1068 

-15 

- 

24 1 tot 


1473 

-1 0 

- 

24 1829 

- 

17{]() 

-0 5 


24 2165 

- 

1513 

Normal - 


242500 

- 

1162 

•+05 


2 1 2835 

- 

1U5 

+10 


21-3171 

- 

1398 

+ 15 

- 

24 3506 

- 

867 

+2 0 

- 

21.3842 


1062 


1 1. roR\ili.H of Tabic IF aio exhibiLod graphically by tiioauH of 
< 5 iirvo lulbg I , wliiUi aGCom])aiucB LIuh paper ^ 

In UuH curve the abHciHHio (Iciiolo ])crio(lH, while ihu ordiualtM 
commpoufliug nuu|naIilu'H. H will be iioU< tvl iluiF we 
luvo ludicatioiiB ofHoveuil luaKumim pouilH, luun^ eHpoeiall> ol tiuo 
Oi*i uHpoudiiig NC'ry nearly to 2F dayn 
’^ibus Im iruUieod uh to make a new neiieH ioi 2l< days ui additiiou 
a ilu) one foi 2F25 dayn, tho ooimfciuoltioii ol whuh wo have 
-li uady dcHciibed Both have boon tioatod m pieciBcly tho Hanio 
xi"i,nnoi 

lUlio roBultB of tluH Borioa two given in Table Uk 


* ''J’luji cum goes isoniewlml beyond tho limits of tlie iahUs^ 



Table III — ^Equalised Yearly Ineqnalities of Kew Declmatioii-range conespondmg to peiiod 24 00 day 
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15 Wheu tho mctbod is cHipliod to Tabic III , we obtain the fol- 
lowing icsults - 

Table lY — Exhibiting tho icbults of the above method applied 
to the numbers of Table III 


Divisions fiom 
noxmal 

-7 0 
-6 6 
-6 0 
-5 5 
-5 0 
-4 5 
-4 0 
-3 5 
-3 0 
-2 5 
-2 0 
-15 
-10 
-0 5 
formal 
+0 5 
+10 
+15 
+20 
+2 5 
+3 0 
+3 5 
+4 0 
+4 5 
+5 0 
+5 5 
+ 60 


3S\act iieiiod 
m day*? 

23 5072 
23 5400 
23 5729 
23 6057 
23 6386 
23 6715 
23 7043 
23 7372 
23 7700 
23 8029 
23*8357 
23 8686 
23 9014 
23 9343 

23 9671 

24 0000 
24 0329 
24 0657 
24 0986 
24 1314 
24 1643 
24 1971 
24 2300 
2 1 2028 
24 2957 
24 3285 
24 3614 
21.3943 


Magnitude of 
inequality 

1310 

1280 

2568 

2710 

2128 

1070 

674 

1260 

1500 

922 

1394 

1976 

1096 

1754 

2464 

3364 

2960 

1974 

1032 

1548 

2174 

2160 

J664 

1278 

1570 

1456 

951 

1110 


16 Tho losnlts of Table IT are exhibited giaphically by means 
of a cm VO m Fig II *** 

It Will at once bo ^oen by comparing together the two onrros 
(Figs I and 11 ) that they both exhibit as noaily as possible the 
same ])ositions foi maximum nieqnalitios Thus, by selecting at 
laiidom the period 2125 days, wo are by this method referred to 
noaily the true positions of the vaiioiis maximum inequalities 

'Befoie proceoamg further it ought to bo stated that the above 
senes of oosorvatious of the Kew Bochnafcion “Range has been given 
rather as having been that first employed for illustrating the method 
than as pretending to roprosont the best clement to be discussed 
from a scientific point of view Haying employed this senes to 
explain tho details of the method, it has served its purpose, and 
we now proceed to apply tho method to observations of sun-spots 

17 For this purpose, lei us take daily values of total sun-spot 
aieas and commence with Bohwabo*S observations which are le- 
corded in Appendix “Bt Those extend horn 1832 to 1853 inclusive 
From 1854 to 1860 inclusive we have for the same purpose Oarrmg- 


tfW** cui VO goes sewewliat boyond tho Hmts of tho table 
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ton’s moiG accurate observations, for 1861 we bave to fall back once 
more upon Scbwabo, while from 1862 to 1867 inclusive we have the 
Kow senes of observations Those various senes form, when put 
together, one whole series of 36 years In many cases, owing to 
bad weather, there are gaps between consecutive observations — lot 
us fill up such by the simplest possible foim of intoipolation One 
advantage of this application of the method will bo that, provided 
we obtain good results with these 36 yoais, it will not merely prove 
the value of the method, but also of the sun-spot catalogues to 
which it has been applied, and, as 28 out of those 36 years arc 
deduced from Schwabe’s observations, the lesult of a succossiul 
application of the method to these will indicate the gciieial trust- 
worthiness of tho numbers derived fiom Sebwabo’s pictuies which 
are reooided in Appendix B These 36 yoais’ observations when 
the blanks aie filled up by intoipolation give us therefore one long 
senes of more or loss trustworthy daily records of tho total aioa of 
spots on tho sun’s visible disc, the unit of measurement being tho 
one millionth of tho sun’s visible hemisphere 
Of this senes, the first 22 yeais’ observations aro, as above men- 
tioned, reooi ded m Appendix B , the i csults from 1854 to 1860 
inclusive, derived from Carrington’s observations, have boon pub- 
lished by Messis De La Hue, Stewart, and Loewy in a private 
memoir, those for 1861, derived from Schwabe, are again published 
111 Appendix B , while those derived fiom tho Kow senes from 1862 
to 1866 inolusivo may bo found in the transactions of tho "Royal 
Society for Apiil 30, 1868, and March 10, 1870 
18 Let us now in tho next place group togothoi these sun-spot 
obsoi vations in series of 24 days after the manner already dosonbod , 
also for tho purpose of companson with similar senes in magnetism 
and meteorology which have been communicated by this Oommittoo 
to tlio Eoyal Society, lot us so arrange our sots of 24 daily values 
that one of thorn shall begin with January 1st, 1858 
Let this long table so ariangod be next split up into sopaiatu 
years A year will thus contain generally 15, but occasionally 
16 linos of 24 places each, that is to say, it will consist of 15 or 
somotimos 16 horizontal lows under one another, tho number ol‘ 
places in each horizontal row being always 24 Tho sums of each 
oi tho 24 voiiical columns foi each yoai aro next takon 
Wo have thus for oach year a soiios of 24 sums But it wiji at 
once bo seen that those sums will bo greater in yoais of maxumun 
than in yoais of minimun sun-spots, so that to uso them as they 
stand would virtually moan to give great weight to jeim of mati- 
mum, as comparod with years of minimum sun-spots in our soaroh 
for ineq^uahties. 

Wo have endeavoured to overcome this difficulty in tlio mmmt 
already described in Art 7. Indeed, if sun-spot observations bo 
put into a graphical form, it will at once be seep, that whenever tho 
total sun-spot area is great, tho oscillations of this or langes of sun- 
spot inequalities aio great also, so that these ranges may, as a first 
approjximation at least, ho doomed to be proportional to the gonoral 
sun-spot activity In other words, tho oscillations of ai oa are nearly 
proportional to tho area We have therefore taken the above- 
mentioned 24 numbers for every year, and pioportionally altered 
each, so that the sum of the 24 shall for each year bo equal to 
24,000 Each sum for each year should therefor© bo equal to 1 000, 
provided it be not subject to tho mfiuence of some inequality^ If’ 
however, there be a 24 day inequality, some of those raiues will be 
larger and others smaller than 1,000, and it is their differences from 
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1,000 that recoided with and minus signs in the following 
table, whiola this lespect identical with Tables I and Ilf 

Before this table it will be necessary to make two 

remarks ^^st place, in certain minimum years the obsei- 

vations whie'h oxlubit sun-spots aic sometimes too unfiequent to 
render the iiibulatod as above in lows of 24 a trustworthy 

lepiesentativo of the inequalities we aie in search of In such cases 
wo have taken m addition, half a year on each side of the minimum 
year, so that 'wo have thus the moan of two years instead of one, 
the central pooint of the senes, howevci, being as befoie the middle 
of the minitnmn year 

This trcatnient has been applied to years 1833, 1844, 1856, and 
1866 

It IS also iieceSBaiy to tomaik that it has not been deemed neces- 
saiy to apply equalisation described m Art 8 to these sun-spot 
observations ; with this exception, the process already desoiibed 
has been exactly followed in obtaining Table Y 

Table VI- then been deduced from. Table Y in tbe mannei in 
which Table XI has been deduced fiom Table I 

The result B of Table YI aio giaplncally represented in the 
diagram whi< ^ accompanies this paper, Big III 
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Table VJ — Exhibiting the results of the above method applied to 

Table V 

Ivtagiutude oi 
xnequaht\ 

Divisions from 
normal. 

Exact period 
in days 


(snm for 36 
years) 

-.7 0 


23 5 too 


23564 

-61) 

• 

23 5729 

* 

13271 

-60 

. 

23 6057 

. 

36406 

-5 5 

> 

23 6386 

• 

9335 

-5 0 

- 

23 6715 

_ 

15830 

-4 5 


23 7043 


14977 

-4 0 

• 

23 7372 


9386 

-3 5 


23 7700 

- 

23317 

-3 0 


23 8029 

- 

11070 

-2 5 


23 8357 

. 

- 23595 

-2 0 


23 8686 


16318 

-15 

. 

23 0014 


17921 

-10 

. 

23 9343 

- 

22812 

-0 5 

- 

23 9671 

* 

23205 

00 


24 0000 


26390 

4-0 5 

« 

24 0329 

• 

20265 

+10 

. 

24 0657 


24116 

+15 

. 

24 0986 


27649 

+2 0 

• 

24 1314 


14568 

+2 5 

• 

24 1643 

• 

17605 

+ 30 


* 241971 

• 

32282 

+3 5 


24 2300 

- 

28601 

+4 0 

• 

24 2628 


26898 

-|-4 6 

« 

24 2957 

• 

24283 

+ 60 

- 

24 3285 

• 

33884 

+ 66 


24 3614 


22115 

+6 0 

• 

24 3943 


29380 

+ 65 

• 

24*4271 . 

.. 

26003 

+7 0 

- 

24 4600 

• 

30018 


19 From Table YI ifc will be Been that there are evuloiw'eB of at. 
least 10 inequalities within the nairow time limits ombraeed by it 
li.us these inequalities seem to bo much crowded Up together* and 
m certain rogions it may he questioned whether there are swilcienfc 
points bo enable us to represent the true progress by means of ii 
curve, and thus to detect all the inequalities there present. Again, 
even m those eases where the inequality may be clearly indicated 
by such a curve, it may be so induenoed by other inequalities near 
it 111 the time-scale that 36 years may not lie sufficient to clear it 
from such influences, and we may thus have to resort to some 
method of ohmination in order to do so. 

20* With the view of exhibiting such a process lot us take that 
inequality voiy near 24 days, ana let us increase the nuwdber of 
points of our cun^e by obtaining values for every twelfth of a 
division on cither side of 24 days* Keferring to the method already 
described by which we slide the various yearly strips in a fvame 
(Art 11), wo may by its moans very easily obtain points for every 
of a division. For we may keep the slips of the first four years 
at the same phase, then slide the next four so as to differ from the 
first four one divisioh , then slide the third four so as to differ 
from the second four one division, and so on By tins moans wo 
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shall obtain values corresponding to a change of one division every 
fom years, oi 4th or .'Vth of a dmsion each year -with snflacient 

accuracy 

Again, xiiasmuch as the wiiolo 36 years have while deducing fiom 
them Table YI been split up foi convenience into thiee series of 
12 years each, wo may talc e any thiee such series and slide the 
second of these so as to diftor ono point in phase from the first and 
the thud so as to difei ono point from the second, and thus obtain 
by summing up, an inequality coiiespondmg to a peiiod which 
differs from that of the original inequality before bemo- bo treated 
by J^th of a division on eithci side ^ 

21 Per forming this operation for the logion round about 0 0 we 
obtain as follows — 


Table VII — Exhibiting in detail the district on either side of 0 0 
^24 days) : — 


Period 

M ignitude 

Period 


Magnitude 

-li ■ 


22812 




27208 

-11 - 


25104 


- 


30326 

-Vi 


26276 

+ * 

- 


25923 

-V‘S - 


25580 

+■3^2 

- 


23802 

— a 


25396 

+ .'2 

- 


20813 



23337 

+A 

- 


20265 

-I'u 


23205 


- 


17245 

-A- - 


22457 


- 


16949 

' — 1 b 

- 

19322 

+ 1 ". 

- 


17997 


- 

14956 

4 

“ 1 a 

- 


20039 

-in. 

- 

1518t 

-L. > 1 

' i i 



20354 

— iV 

- 

26750 

4 . 1 » 

~ 1 2 

. 


24116 


- 

26390 

4 - 

- 


21364 


In this clistiict, theiofore, the maximum is ai and it is tnis 
inequality which wo now wish to toprosont altei having cleared it 
from the iiifluonco ot noiglibouring moqualiiios Of these theie are 
fiisb of all three largo but distant inequalities lieyond the above 
district, tlio positions of which wo may suppose to be given with 
sufficient piocision by Table Y 1 , namely, those at -f-H, and 
+12 Ibere are next moqualitios at "fil, wlnoh aie 

perhaps stifficxontly well indicated above in Table YII There is 
also anotlioi inequality indicated by the above table, which, after 
ehminatm^ the xnfluenc© of its neighboui-, is found to he at —5% 
It thus apqxoars that there are probably sit inequalities, the effects 
of which ought to be eluumatod from 4- A, and these have the 
positions -IS, -A, +11, +12, +12 

22 Lot us now conect the ino(][uality (+-*1^) for the effects of 
those six iieighboui ing inequalities, taking the latter as they stand 
It will bo unneoeasary to deaoribo in detail the method of applying 
this correction Suffice it to say that the mfiucnoe of the neigh- 
bouring iiiequahtioR is obtained and algebraically deducted 
lYhen tlicse corrections have been applied we get the following 
result - 

Fenod. Corrected magnitude 


tt 

4 -^ 


- 29921 

- 32435 
. 80851 

N 2 
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It thus appears that after a fiigt eUmmatioa the position of tliiB 
ineqaahty is not altered 

In the following table we have rocoidod the losult of the proooSB 
of elimmation not meiely for the snin of the whole 36 years, but 
for every tom years, thus sphtting up thovholo soiios into iimo 
Bets, each of which is separately recoidod in Table Till, 

It ought heie to lie mentioned that not inoiely Table V, but 
Table Till and all other tables in this appendix exhibiting in- 
equalities, are so arranged that the stunting point on epoah iH 
January Ist, 1858, that is to say, the first meniboi of each ineiiuabty 
coiresponds to Januaiy Ist, 1858 



Table TUL — Exhibiting Sun-spot Ineqnality period 24 011 days for every foni yeais from 1832 to 1867 
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23 It will, we thmk, be acknowledged that ui Table VIII iliero 
are ovidoiit traces of i opotition which induce UB to thmk that tho 
abo^e method has been successful in ropxoBeiiting a tiue solar 
inequality 

Let us further apply the tost dosoribed by General Skaohoy (Pio 
K S , May 31, 1877) In the first place, tho mean difiorenco of tbo 
indiYidual observations of Table V III from tho moan of tho whol© 
senes is found with sufiBciout aociiiacy by taking the moan of the 
various numbois m that table (21G m all) without respect of sign, 
inasmuch as tho moan of tho whole is ivc(‘ording to oni method 
equal to 0 

I'^his mean difierence is then found to bo = 2 18 

In the next place, tho moan difioronco of tho individual obser- 
vations from the rospoctive calculated loui years’ moans shown lu 
tho lasL lino of Table Vill is found to bo = 194 Tho difiorenco is, 
therefore, i educed in tho proportion of 1 to 0 78 

it thus Mpoais that tho supposed law of vanabion obtamod as ui 
Table VlII gives a decidedly closer approximation to tho actual 
obseivations than is got by taking tho moan of tho whole as tho 
most probable value 

The moan inequality of Table YJIl is graphically lepiosontod in 
Figure IV of tho diagram which accompamos this papei 

24 1 have next subjected to siinilai troatmonfc the logion about 
+ Wo thus obtain — 


Table IX — Exhibiting m detail tho distuct around +1*2* 


Period 


Magnitude of 
inequality 

Penod 

Magnitude of 
inequality* 

+K 


- 28601 

+ii - 

- 22996 

+ B 


- 33205 


- , 

+n 


. 86452 

+n ■ 

- 31278 

+n 


- 36186 

4.«o 

tn 
•12 ” 

- 33884 

+n 


- 34348 

- 36232 



- 28248 

:i! : 

- 36163 

+n 


- 26888 

- 33480 

+H 


- 24966 


m * , 

. 


- . 

+n " 

- 22115 

+ M 


- 23077 



+ fl 

+!s 

+n 


. 24272 

- 

- 32184 

• 

- 24588 

- 22964 

+ii - 

- 29390 


In this district let us take tho inetiuality at +f 1, and endeavour 
to eliminate from it the mfiuence of noighbouiing inequalities* 
Besides one at which is sniloionily evident liom Table VI , 
we see fiom Table IX that there are inequalities at -f and 

+ 11, so that it will be necessary to elmimate fcho mfiuonc© or these 
four from the inequality at +f which wo wish to exhibit m a 
state of pnnty 

25 When this has boon done wo obtain the followmg result — 
Peuod Corrected magnitude 


+n 

+11 


- 33897 

- 34836 

- 34636 
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The position of tho inequality is now therefore as nearly as 
possible at + oi at least nearer 4- than 4-f J ^ 

In Table X tho results of this elimination ai e given as before foi 
every foui years 

It will be acknowledged that in Table X there aie evident traces 
of 1 epetition 

Again (applying G-eneral Strachey’s test), the mean difference of 
the individual observations pf Table X from the mean of the whole 
series is found to bo 243, while then mean difference fiom the 
respective calculated foui -years’ moans is found to be 192 The 
difference is therefore i educed m the pioportion of 1 to 0 78 These 
tests are thus in favoui of the leality ©f tho peiiod oiven in 
Table X 

The mean inequality of Table X is giaphiically iiexjiostiited in 
Fig YI of tho diagram which accompames thi,s papei 



Table X — Exbibitmg Sun-spot Inequality penod 24 329 days for every four yeaas from 1832 to 18^ 
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26 The result of the trial which has now been made of this 
method has boon, I thmk, to aho-w firsih, that by its means we may 
sncceed in detooting imknown inequalities in a senes of obsei'Vfir 
tions, and, secmidh/, that in all probability theic are several such 
inequalities With periods near 24 days in sun-spot observations, 
whatever be mo cause oi causes of such 

It ought to bo stated that tho results now exhibited aie not to be 
regarded as having reached their final state of accuracy and this 
for two reasons 

In the first place, if tho Solar Physics Committee should ultimately 
bring together and edit all the good observations of sun-spots now 
extant, the soiios of original observations from which the lesiilts 
now recorded have boon dctived would thus bo rendered moio 
complete and tnistworthy Ln the next place, the method itself has 
only been earned to a Hist stage of approximation, and indeed it 
would have been undesirable to have attempted anything very 
laboiious ])oforo having a final and complete senes of trustworthy 
ohservatious on which to operate ^ 

Tho lesulis are thciefoio to bo viewed as only approximations 

27 Tho liynothosis of a coimoxion between snn-spots and ten os- 
trial metooiology being still under debate, besides being one of 
great scientific mtoiost as well as of possible piaotioal impoitanoe, 
I have applied tho method now dosciibcd iii the hope that it may 
contiibuto towards a solution of this pressing question I have 
selected tho daily tomporaturo range as that clement which is most 
likely to exhibit tho offoots of solar variation, and Toi onto as tho 
best local] ty, inasmuch as Anienoan weathoi may, poihaps, bo 
more directly influenced by tho sun than Em opoan weather, which 
latter may bo supposed to bo infiueiicod not merely by the sun, but 
also by tho passage of weather from America. 

Owing to the kindness of tho Motoorologioal Council, of tho Kow 
Oommittoo, and of Messrs Kingston and Oarpmaol, tho lato and tho 
pioBont directors of Toronto Obsoivatoiy, i have obtained 3d yoais 
of the diurnal tomporaturo raiigos at Toronto, extending from the 
bogmnmg of 1844 to tho ond of 1879 ^ 

These have boon split np for convomonco into throo seiios of 12 
yoais each, the first and second of those being ooLcrminous with tho 
second and third of tho 12 years’ series of solar observations 



Table XI —Equalised Tearly Inequalities of Toronto diurnal Temperature Eange corresponding to period 24 00 days 
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Tioso kavo boon troaiod prodHoly in tbo way in wluoli wdiii* 
obsorvatioiiH liavo been iroated, ojkcopt that ilio oqualiicallfai iiitlt** 
caiod m Art B haB boon applied to bho T(>roiik» temperatwn* rttiigow 
wMlo it has nob boon appued k) HUu-HpotB 

III Tablo XI wo haro a record of the yearly 
obtained 

28 Let tis next make !!«© of the preceding table ki otdiiiii in 
detail, values uidioatmg the poHitiouH of mei|unhtica uminl iilMnil 
0*0 (24 days)* Wo tbus get the following rtMiii 


Tablo XII*— Exhibiting in delail llu‘ dwtiict on cilhm* htdr of 
0 0(2t da>H) 
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29 We HOC from thin l.ablo that lhc*re an* m idence 4 t»r well marketi 

meqnaUtioH at — SL t’sn biV 1 u* ^ I'h 

Lot UB take the om^ noaroHi 0*0, nann ly, ilmt at | eliini. 

nate IVoni it fcho oirect of the others noted ahove. An h 
oridoat that the tomp«»raiuro roBnlts (*outd not hear to lie h|iIii lift 
mto series of four years, I havi^ cotiHncd myself, m fhr t« tliifi iirr 
wnoerned, to ihreo Bor»e» of 12 yewsfamh, ami for thm piiriawe ift 
will not bo iie(‘o»sary to make the ohmmation so idiilwrakni* In tin 
case of Bim-spots, ho that w^e xmini noiproctHHl lawond mi the 
one side ^d on the* other 1 that la to say, we mm foiiltifi otir** 
selves to the elimination above imheabed* 

When this has boon made we obtain the foUowing remtlti— 


I*eri(>d 

(Jonreoted Mufolturtn. 

+ "a 

■ 4mK) 

+ A * 

4579 

+ A 

8791 
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Fioui thia it will bo Roen tliaitho position of tlio inequality is now 
sliiftod to -}" j'j cRont elimination is not so elaborate as 

that for sun-spotR wo need not piobably proceed fnitber 

30 It tlius appears tbat tbcio is a Toionto tomperatxire range 
inequality con cspondi ug in tiuio scale to d-'jj, wbile tbore is a sun- 
spot inequality coriespouding in tune scale to -f 'Xh.iu nearness 
m place is in favoin ol tlio hypotbesis that the two inequalities are 
really identical in period, tbo toirostiial being piobably caused bv 
tbe celestial 

31 Lot UR ne\t ondoavoui to see bow fai those two correspond in 
type Fortius puiposo wo have given tbo valnos of tbo two in- 
equalities foi cacb 12 foaily Renos in Table XIII, and beie, for 
temperature lango as well as foi sun-spots, the starting point is 
January 1st, 1858 , tbai is to say, the fiistmembei of eacb inequality 
corresponds to that date 



Table XUT — Comparing togetbei the Sun-spot Inequality and the Toronto Temperature Bange Inequality 

+ ^=24 011 days (Sun-spots) 
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32 ^ period =24 011 days is repe- 

sented in Fig j Toronto temperature range inequality 

with, period — " lepresented in Fig Y of the diagram 

■which accompanies tins Appendix 

It will bo IS a Teiy considerable resemblance 

between tho ^ -i ^sun-spot and temperature curves, the 

latter lagging somewhat belaind the former 

Another small range (as compared 

with that of sixii -spots) ot tho temperatuie inequalities This may 
perhaps, be viewed in connexion well-known fact that the 

propoitional tori ©su lal variations which accompany oi follow varia- 
tions in sun-8p<^^ botwoen years of maximum and minimum are 
much smaller tnan the px*opoi tional variations in the spots them- 
selves 


It will likewise bo noticed, that m the three consecutive senes of 
12 yearly temperature inequalities there are considerable signs of 
lepetition, althoiign. this is not so marked as in the corresponding 
sun-spot numbers 

Let us now appl^y Oenornl Strachey’s test to these 12 yearly senes 
precisely in tho way m which we previously applied it to the sun- 
spot senes of four years 

By its means we find that, by assuming the supposed law of 
vaiiation, tho moan difiercnce is proportionally reduced from I to 
0 56, in the case of the sun-spot inequality at 4- A, while for the 
conesponding tompoiature inequality at 4 - 54 , it is only reduced 
from 1 to 0 84* 


33 Let us ii 02 cb obtain in detail particulars of the region lound 
about +5-5 Wo get the following result — 


Table 

XIV.— Exhibiting 

in detail the region on eithei 




side of +f5 


Pei lod 


Magnitude Period 

Magnitude 

+« 


- 

2178 

0 - 

1 2 

- 6800 

+ tJ 

- 

« 

2658 

a - 

- 6682 

-b}| 

- 

- 

3546 

fr ■ 

- 6458 




4228 

n - 

- 6146 

+n 


- 

4734 

n - 

- 6322 

- 

•» 

4656 

e - 

. 5940 



- 

4240 

H - 

- 5208 

+f? 

- 


2672 

«-« - 
1 2 

- 4166 



- 

2788 

Jgj. « 

1 2 

- 3202 

+h 


. 

2474 

7 0 „ 

1 2 

- 2736 

+-fl 

4'l"| 


- 

4250 

n. « 

i 2 

- 3586 


- 

3160 

JLg. - 
1 2 

- 4252 

+ff 


. 

1740 

13 - 

X 2 

- 4114 

-L<ip 

- 


2580 

lA - 

- 4714 


- 

- 

2880 

O, - 

- 4606 

+« 

.. 


2542 

M - 

- 4890 


- 


3724 

a - 

- 5116 

+?2 

- 

- 

5582 

ff - 

- 5068 


34 We soe from this table that there are evidences of well marked 
inequalities at +-tJ, ■+M» -htt" 
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Let m select that at and eliminate from it tlie effect of the 
others noted above m the same way as described in Art 29 When 
this has been done we obtain the following result — 


Period 

Corrected Magnitude 

+« - 

5973 

+11 - 

7019 

+e - 

6677 


It thus appears that the position of the inequality is not altered 
We may compare this inequality with the sun-spot inequality which 
showed itself at -bfS oi between +5!] and -ffi This comparison 
IS made in the following table — 



Table XY. — Oompamng togetbrn* #ib Sun-spot Inequality at +f§, and the Temperatnie Eange Inequality at h 


208 



R 824 


O 


+79 +1« +1^ +7S -47 -173 -234 -262-196 -90 +11 +99^+112 +99 
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# 

% ineati Biin-Hpofc mul fcompomture iwimlitlon haTiiig 
penodB ()f24 3i2l0 aiul24*W cbjH are reproioated in Figs VI mii 
vn of tho diagram wliioK aoeompatno« tlim Appeada. 

Ii( will bo iioiioocl ihai tlioro ih a v<*ry coaftitlomble rogembliiiicfs 
between tlienc two eiirwoH , tlio latter probably lagging aligbily 
bobnid tho former. Wo bavo to repeat tbe observation made In 
Alt regarding tbo eompm^ativo smallness of ilie range of tin* 
tomporatnro iue(|nahiy as compariHl witli that of anii-spotH 

It will likewiBO ho noiiood that in thi^ three eom4iHmk\o aerios of 
twelvo-ycmr Uimperaiuro incaiuahtu^H there aw eon»idt*ial>le ttigim <»f 
ropetitioiu although this IB not ao maiked m in the eorreBpomiing 
Bim-Bpot nimiberB 

TjotuBnow apply (loiioial BimeheyV tent to these seneH m tlici 
same wa) in wlueh it wub applied m Art, »12 By its meaim wo fktei 
that, aHBumnig tlu^ Hupponed law of variation^ the mean diflbroaec* 
IB pioportioiially rednood from I to 0*J1B m the eii«e of the stui-«pot 
iiKKiuahty, white for the oorreHpondmg temperaiuw metpiality it l« 
only u^clueed from 1 to 0*54 

tIO In the ootirHO of iluB paptn* I have given evideleo wlmdi tendi* 
to show that there ar<' m all prohahihiy wdar vmiatiorm of Hhort 
period, and thattlu^we aie eoiinwh4 with varuitioim of tompc^ratiire 
range. Toronto wan clioscm tin a station from which imoiirate in- 
formation with regard to tcunpemture wuh hi be obtained, and also 
aa one which, htnng in Amenea, may he «nppcmed to be intluoiieiwl 
mori^ dneetly ami imimshatidy by Holar ehanges than an equally good 
Btafcion in Knropi^ 

KevortholeHK, Toronto m not the only station from which we may 
obtain reHulla exhibiting rektiouH between atwiosphmne temperature 
and Bolai changOB And in a paper omumniuoab'd to the lioyal 
Hodeiy an Kovimiber 20, 1B70, it is shown that wo have tmeea of an 
ine(|uality having a jan'iDd very near 24 tlaya in the temperatwro 
rang<^ of Ke?^' ami TJtreoht, a« well an In the magm4ic deelinatioti 
range of Kew, Prague, and Trevnndrum, In fine, this inequality 
appears whmwer it has Wen sought for. In the same paper 
donee has been adduced to show that the pha«o of a given meteor- 
ological inequality m not the same at the variout statioui, but that 
the maiinmiu or any other salient point ri^aehc'B Kew about eight 
days after it han appeared xu Toronto and CTtieeM almt a day imtl 
a half after it liaH appeared in Kew, A similar progreaa from wmi 
to east, but only (pnekm*, is HtiHpected In tho ai» of what may h« 
termed magnciic weathm*. 

57 It becomes a point of iiitei*i‘st, therefore, to iiccrlaiit with 
mucdi accuracy a« poBsiblo the* relatloni m mgmin phiwci betweow 
solar inequiditloB and correBponding temperattiw range incqmallthw 
at Toronto. We wish to know whether tho lattor lag liSml tlw 
former, andifao, to wlwitmctentf This maylm aaecrtalmal in tho 
following manner. Any one of tho numher# in Table Vt li tit mm 
of tbc24t6rmB of an ituamality whieh have Imm added togothtr 
without roBpoct of sign. Thus tho numlKT mrrcifmmliiig to 0*CI or 
24*00 days m 2(1,590 ; and there arc 29 such numlmw in idL «tonil* 
ing from -7*0 to 4 7*0, 

During the invoBtigation a similar table WM prepared for th® 
Toronto tempemturo range, but it was thought unneowatr to glw 
iuB table m the test. Thin table like the former consifite of 2|| 
numbers, extending from -70 to 47 0, each of which reproamiii 
tho sum of toe 21 torms of an Inequality ad<M togothor witoout 
rcipect of sign. 
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There are 24 years of observations common to both these tables 
and in what follows wo shall confine ourselves to those 24 years 
They arc the yoaisfrom 1844 to 1867 inclusive 

It has been lemaiked in Ait 32 that the range of the solar 
inequalities is much greater than that of tho temperature inequali- 
ties, and I have found that in ordei to i educe both sets to nearly 
the same range it will bo necessary to divide each term of each solar 
inequality by 3 655 Lot ns perform this division foi the various 
24 years’ solai inequalities which we now wish to compare with the 
corresponding 24 yoaia’ tompoiatnro range inequalities We thus 
give both sots very noaily tho same range 

38 Wo have next to decide whether tho vaiious phases of these 
inequalities prepaiod for compaiison in the above manner occur 
m the sun Boloro they occur in Toronto, and if so, how long 
before P 

This may he ascoi tamed in the following manner If we add 
together algobi aioally as they stand a solai inequality and a coi re- 
sponding Toi onto inocmality, say for mstanco, tho one at 0 0, it does 
not follow that we shall obtain an inoqnality the sum of whoso teims 
shall be equal to the sum of tho 48 numbers added together without 
respect of sign For the two moqualitics oven if precisely the same 
in type, may not have thou corresponding phases occnri mg togethei 
The signs of tho niimbors which wo add together algebraically may 
therefore sometimes bo different, and we shall then have to subtract 
the one from tho other 

It thus appeals that if there be a want of simultaneity of phase 
in two such inequalities, tho algobiaio addition togethei of the two 
will give a result less than the sum (withoufc reference to signs) of 
the 48 terms And this falling of! will bo gioatei the greater the 
want of coiTospondonco m phase 

Let us now add together algebraically tho vai ions solar inequali- 
ties (29 m all) each with tho coi responding Toronto inequality, 
under the supposition that tho phases are sinmltaneons m the sun 
and at Toronto Wo thus get a senes of 29 inequalities representing 
the united result of the two Let us then add together the various 
numbers of tins series Let us next, on the supposition that a solar 
phase occurs three days before a corresponding on© at Toionto, 
rectify this by pushing each Toronto inequality three divisions to 
the left before adding it to the corresponding solar inequality We 
obtain by this means as before a senes of 29 inequalities Let us 
then ada together tho various numbers of this series* 

39 In the following table w© hare exhibited the results obtained 
by this method of treatment* 

Tabm XVI 


Algebraic sum of Solar and Toronto Inequalities ' — 

Sun and Toronto (together) . « - « 179285 

Sun and (Toronto pushed 1 division to left) - 186257 

Sun and Toronto pushed 2 divisions to len) - “=182402 

Sun and (Toronto pushed 3 divisions to left) « 181714 
Sun and (Toronto pushed 4 divisions to left) - *“179447 

Sun and (Toronto pushed 5 divisions to left) - « 178920 


It thus appears that w© get tho greatest sum, and consequently 
the nearest approach to similarity of phase, when w© push Toronto 
to the lefts boiwoen one and two divisions In other words, 

0 2 
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Toronto plaasea lag Ibehincl similar solar phases hetwooii ono and 
two dSbJB 

40 On© remark before oonoluding* The oTidonco herein gimi 
tends not only to show that solai variations of short pisi lod exist, 
hnt to render it possilil© if not piobablo that they are tW canses of 
temperature rang© periods ol similar leugLh m such a way that a 
maximum amonnt of spots corresponds to a inaxunuiu and not to 
a mmimnm tomperatuio range, or in oilun words, denotes lu 
all probability an accession of solar oneigyand not a dmimution 
thereof 

If it be aaid that such evidence is not yet absolutoly eonoltisivo, 
it may bo replied that the aim of the writer has sohly been to iu- 
trodncethis subject as one upon wlucli labour and thought nwiv 
advantageously bo expended ^ 

It la bocanso the Rnbjoot is not linally settled that hucU labour and 
thought aio partirmlarly called for And the writer will he satisfied 
if It} bo ackuowlodged that we have here a hopeful o])cnmg for 
V ©it igation, whether we regal d the subject an one of Hcientific in- 
torcst or as one of possible 7)iact)oal nnpoitanee 
In conclusion, the wider desires to acknovi ledge with thunks the^ 
aBsisianoo ho has derived from Mr, Dodghou in the coinpilailon and 
revision of this paper 


APPENDIX IT, 


PAPEBS COraECTED WITH THE MMABUllEMENT 
OJf SOLAB BADTATJON. 

Desoeipton or an IxsTiUTMiinT MiusiFRTNo rossrnuR vaiuations 
IN nm Sto*s DTimcT Heat, By PnorossoE JUi^roira Stswaet,^ 

Notwithstanding all that has been clone in Holar Physics, wo have 
as yot no definite and direct information on tlie fundamental mm- 
tion of the variability of the suifs heat We are aware of tho 
o^stenoa of cortam changes m the appearance of the solar disc 
which arc aiwoxmately periodical, and wo have some reason for 
behoving that those changes indicate most probably the oombined 
roBults of soyoral long period inequalities on the on© hand, and of 
several short period ineq.nalities on the other, but we are not at 
present m a condition to tell iVom direct observations with an 
actmomotor whether a large amount of sun spots is accomTianied bv 
an mcrcMo or by a dimmtition in the snips direct boat, or, nideocL 

perceptible accompaniment of this 
mformalon^ dfffionlties in the way of our obtaining thm 

on© IS caused by the variability in tho constituents of the 
6ar& s atmosphere, which form, as it woro* a blind or medium of 
through winch we are forced to view the sun 
entirely ovoroom^h but it 
may he reduced to a minimum by our mating our obsorvations at 
nf f ^ elevation, and tferoby removing the 

etract of the lower and grosser strata of the atmosphere, ^ 

ill thePreowdle^sof tU© Maiuhesti^r 


iessienx876-V0, 



207 


Tho other difficulty is of an instiumental nature Aotmoiueters, 
o* mstmuents for measuring tho sun’s direct heat, are made use of 
m tho following manner — 

lustiumont is sheltered from the sun, bub 
ni^Jl minutes. Let tho heat so lost 

mslinmcnt is turned to tho sun for 
hvo minutes Lot tho hoat so gamed bo termed B, Tltiidlii, the 
inBtrumoiit, being now hotter than it was lu tho first oporaiiom is 
turned ouco more so as to bo exposed to tbo clear sky for five 
mnrntus whiio it is shielded from tho sun Lot the heat so lost bo 
tonned r 

It tliun appoat 8 that r doiiotoR tho hoat lost by convection and 
ladiation uiukHl -whon tho luHtuunout, bofoxo being heated by the 
Bull* H oxpoHod foi fuo niinutOH to tho oloai sky, whdo denotes 
tlio kwm lost l)y ihoso sanio two opoiations by a similai ox:po8iirG 
boon boated by the sun * and it is assumed 
that the hoat lost ixoiu theso two causes duimg tho timo when tho 
iiistrumout is being hoatod by tho sun will be a moan between 7 and 
^ , and hence that the whole elFect ol the sun’s lays will be in reality 


How, although this aHsumption may, in tho avOi*ago of a groat 
nuiuDor ox observafciouH repiosont tho truth, yot lu many individual 
cases it may be far from being true It would thorofoio soom to 
bo ilosnable to got nd of this unoorfeainty by constructing an mstiu- 
meut ill winch we aie sure that those causes of variability aio 
leducou to a muu mum 

Hus has been attempted in tho instrument a sketch of which 
acoompanios the tirosent dcRcription 
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It consisfcs of a large meromial thermometer with its bulb in the 
middle of a cubical chamber of brass, this chamber bemg so massive 
that its temperature will remain sensibly constant for some time 
(the bulb IS denoted by dotted lines m the sketch) The chamber 
with its thermometer has a motion in azimuth lonnd a veitical axis, 
and also a motion in altitnde round a hoiizontal axis 

A lens of suitable aperture (which may be vaued by diaphragms), 
and also of appropriate focal length, is attached by means of a rod 
to the cubical chambei, so as to move with it Thus the whole 
instrument may he easily moved into such a position that the loiis, 
as well as the upper side of the chamber (which is parallel to the 
plane of the lens), may face the snn, and an imago of the sun be 
thrown through a hole in the side of the chamber upon the ther- 
mometer bulb This hole is covered or uncovered by means of a 
slide Of comse tins hole is only uncovered when an observation 
is being made The stem of iho thermometer protrudes from the 
chamber as in the figuie A screw, somewhat larger in diameter 
than the bulb of the thermometei , is made uso of in order to attach 
the therniometoi to its end osuro, and a smaller soiew, pressing 
home upon india-rubber washois, enables the thermometer to bo 
pioperly adjusted, and kept tight when in adjustment 

The stem is about 18 inches long, and about five degrees go to 
the inch, thus the scale is very open The stem is protected from 
the iisk of accident by an ajipropiiato shield By moans of a stem 
of tins length it is.probablo that sufhcioni lango will bo socuied to 
provide foi obseivations all the yeat lound at most stations It 
may, howover, happen that in certain localities the summer 
tomperaturo is voiy high and the winter tompoiaturo very low In 
such a case it will be desirable to have two thoimometeis, one foi 
winter and one for summoi uso , the scale of tho one overlapping 
that of tho other to some extent 

Tho massive brass chambei is lined with a covorii^ of felt, and 
this again is surrounded by polished brass plates By this means 
the boat of tho smi will bo to a gxeat extent roficcted off, and that 
which IS absorbed having to pass lluough the felt, which is a bad 
conductor, will only bo able to raise with oxtromo slowness tho 
temperature of tho massive hi ass chambei within 

In such an mstrnmont, thoroforo, i and r' will be very small, and 

we may bo cjuito ccitain that B» Hh will accurately repiosont 
the heating effect of tho sun 

■We may probably suppose that in the same instrument tho loim 
will always stop the same, oi nearly tho same, proportion of tho 
solar lays But the lens of one instrument may hot stop the same 
proportion as that of another instrument It must, however, bo 
borne m mind that the instrument la a differential one, and that all 
suen aotmometers before being used should, if possible, be compared 
with the standard at Sohth Kensington, and thus have their co- 
efficients determined 

The sketch now given exhibits an improvement introduced by 
General Strachey consisting of a graduated arc, by which the siin^s 
altitude during an observation can be road off with a sufficiont 
amount of accuracy General Strachey has since introduced screws, 


shield is exhibited ni the figure broken oU so as not to occupy too much 
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by means of wbioli slow motion extber in altitude or in azimntli, 
may be given to the instrument , but tbose arc notj exhibited in the 
above sketch 

This dosoription is acoompaiuod by three mcmoiauda, of -which 
Aand Brefei to the method of adjusting the instrumoiit and observ- 
ing with it, while 0 embodies coitain Huggostions of the Solar 
Physios Committee regarding the best method of utilizing the 
observations 


(A) 

Mjbhoiiandum: lit Paoinissoii BALroim StmVAur 

The object of this instrument being to give us the i dative value 
of the sun*s direct heat from day to day and ftoni yeat to ycai, it is 
necessary that all its parts Husceptible of altoiatiou should icmain 
m a constant state, and that the obsoivations with it should bo made 
in a uniform mannei 

This will involve oonstanoy (1) of the loiis with its adjustments , 
(2) of the method of exposure , (3) of the thormometei and its ad- 
justments, (4) of the method of observing with the instiumeut 

(1 ) Tim Lms with tta adjustments * 

The lens is provided with several diaphiagms It should hist bo 
asoortamod which of the diajihragms is most suitable to the average 
power of the sun at the place of obseivation JI wo take ibioo 
minutes as a good time of exposure the sun should heat up the 
thermometer not more than thi^oo degrecH or ho dm mg tins tune 
Having once selected a diaphragm the hamo one should nivaiiably 
bo used Oaro should bo taken to see that ibe glass of the Ions 
is quite clean and not coated with the slightest film of moistmo or 
dirt* 

The lens should be placed at such a distance along itsiod that the 
focus or small image of the sun should fall not further fioui the 
bulb of the thermomoter than the sht of the apoitmo^ G-ouorally 
speaking the imago would naturally bo formed on this fsht, but in 
some instruments it might bo desirable to have it a trifle nearer the 
bulb m order that the rays after they diverge again should be all 
well caught on the bulb of the thermometer It is of ossential im- 
portance that all the rays should be so caught 

Having ascertained the best distance for the Ions care should bo 
taken that the lens is always kept at this distance and in a cential 
position 

(2 ) Tim mthod of mj^osuro 

Ixposure IS accomplished by moans of a shdo, which when with- 
drawn uncovers a circndar aperture through which the beam may fall 
upon the bulb of a thermometer. 

Oare should bo taken that this slides easily as well as truly 

On the outside of the slide there is a small circular maik which, 
when the slide is in ite place, is symmetrically above tbe circular 
aperture This mark is decidedly largoi than ^the sun’s image 
When exposure is about to bo made the sun’s image should just bo 
entirely within this circle at that side from which tbe sun oainos ib 
by hiS diurnal motion* Thus during the time of exposure the imago 
will he travelling further within this circle Tiioro can bo no harm 
in asoeriaming by experiment that the sun doling the time of ex- 
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posuro novor i.favo 1 fi bo far as to bnng tho nmm omti of ilus curolt^ 
111 order ihai tko brightiioBB of the xmago whoiilti oot, affeoii ilio ejo 
of the o!)Horv©i, iliisoirclo imj bo bbxokewd if ilunigbf, mmmmy* 
Oaio wiuat bo iakon that at tbo moiruMifc of* inakuig OEntmare hy 
mtbdrawmff tlio b 1 a<Io tbo lustrument k not Bhakoo bo m to alk»r tfn 
position* l^bo ciraabu aperture ih conu al and opcniB out tow&rtlH him 
bulb* Tboro is ihus m dimgor that any ray of light whjcdi 
the aportUTo should strike against the shies MorooTor iheao sidort 
are blaokouod* 


(S) The Thvmomeier uml Un udjmimenig 

Tho same thorinotrAoter Blnmld alway, if posBiblis bo med, and iii 
ordorto luovoutaocidontH it should, d {Hi Hible, always he kept in 
poBitxon ^ 

Tlio bulb of ilio thorinomotor has a pointed termination, and 
perhaps the bosi plan is to make this pondetl glass termination 
always lightly touoh thi^ side of the ehamber, pnmnlml that tluH 
Booms a reasonably good position for the thmnonietcv bulb with 
roforonoo to the hole. 

This logulation wdl soeuro the positmn of tla^ ihermotnetor in oiin 
direction, but ib ih likewise desirable that there should be* no turrmitf 
round of the stem from one observation to anoiber. JVilmpsibiR 
will bo best aecomphshod by nmking a small mark on tim sleiii 
which should always bo kept uppermost. 

I he stem, of the thormoinotm* shouhl be tied omitrally Into tlio 
fiame at the top so as to proveut its being l>ent or strained bv I in 
own weight. ^ 

IJiuU'r ()r(lhiut7 (uf<mmsfc(vn«'H it Ih not jtiDltaWc Hint tlio claHH of 
tuo tnomumiotcr hiilh Hhould got wmtt'tl witfi rtioiMlaro oo diii, Jiut 

m oertain eoutingeneios of idimatf* it is fiethaps advisable to wieor- 
tain this point. This can be done by removing ihi^ top whieh eon* 
taiUH the slide and without ilisturbing the adjustmonts of the ther* 
mometer. 

thormorueter will probaidy bt^ gradnatfal into th^grees anti 
iliths of a dcmwi lo prevmit the possibility of f‘rror, the observer 
might record Iuh observation thus *— 


-- , luuJ ckrnusk 

Hean‘Ht el a UiviNitm ttlmvii 


dO 

7S 


^riic 


^1*2 tiO’dt 

'I’lio olmwr should rnml the thormomotiu- with a matriiirviiitf 
ons, phudug Wh uyu bo h« to provout tiattUlii*. fi'oi* (.his tmriMigo lei 
him take that graduation wlueh is nearest the t^xlronuty of tln^ 
mcToundl oolumu tmd plwo hw oyotto that the* ndloxiou of this 
giudiuitioij tj’om tho KurlWxs of tho tuorcUfial oolumti iKmoiith it 
oomoidoB w ! th tho graduation itwyir. Ut him tluai tnko Ids roadintr. 
It IS TOoppr to obBOPvo that tho thormomator will iwl Homowh«*t 

slope of tlio instrumoni Thin, however, k not a point of pratdkiul 

i^omucso smoe the ohsorvatiouH art^ difthreutW, white during ono 
S&oif t-lw) tliermomotor always preservus tlw t«am« 

( 4 ) Mdhotl (if ohifreinff, 

h 1’°''*^'^'' >»««' short time, my 

«lttttrt®i‘ of an hour, before observations are hcgnii. Its outeido 
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should he polished Let ns suppose that the time of exposuie 
IS two minixtos The ohsciyor should — 

{cl) [ReadL thei moiuetor exactly two minutes before exposure 
begins 

{h) The sun’s image being just within the on ole marked on the 
slndo and the instiument leady for exposure a reading (b) 
sb-Ould bo taken exactly two minutes aftei (a) and exposure 
sLould at once be made 

(o) Exactly two minutes after (h) the exposure should be discon- 
lined and a reading made 

(d) Anothei reading {d) should be made two minutes after (o) 

This IS all that is necessaiy for a single sot of observations, but a 
double sot is voiy desirable In this case when (d) is made the 
mstiumeiit should bo again exposed foi two minutes and an obsoi- 
vation (e) made at the moment when this exposure is discontinued 
And finally anobhei oL)Rcivation {f) should be made two minutes 
aftei (e) A good dn onometei beating seconds or half seconds is 
essential to such obsei nations l^ho following is an example of a 
set of obsoivatious taken at Manchester with one of these instru- 
ments 


Ttmo 

state of mstiumenh 

Reading in 
dogieos Fain 


1 30 

not exposed 


(«) 

(&) 

32 

exposure begun 

54 16 

34 

36 

oxposuie stopped 
second exposure begun 

57*60 
57 28 

(c) 

{d) 

38 

,, ,, stopped 

60 44 ^ 

(«) 

40 

not exposed 

59 74 

(/) 


It thuB ap|)oars that for the first two minutes before expostpro 
thoio was a riHO= *06 Duiing two minutes exposure there was a 
rise = 3 44 During two minutes aftoi exposure there was a fall 

32 -— 06 

= 32 . A c coi diiig to the well known foi mula 3 44 H g — =357 

will bo the value of the sun’s heat derived fiom the first series of 
observations. From the second series we have for two minutes 
bofoie exposure a fall = * 32 During exposure a rise = 3 16 For 
two minutes after oiposuio a fall = ‘70 Hence aocordiiiff to this 
*•70 x 32 

SOI 10 s 3 10 + =;3’ 67 will bo the valve of the sun’s heat 

It thus appears that the results of the two series agree very well 
together 

In the more uorfoot form of iusii utnont a circle gives the sun’s 
altitude which should be recorded at the beginning and the end of 
each set of observations 


(B) 

# 

MBMoUAK'jDtiH aiY Libut S rkAOHuy 

As it was thought likely that diffiioulties might ariSe in the 
determination of the true local tune of observation, an addition has 
been made to the instrument as originally designed, by which the 
aotnal altitude or iaonxth distance of the sun may be observed 
simultanoously with the thormometot readings 
A graduated arc has boon fttod to the thermometer frame by 
which the sun’s altitude can he read off to quaitei degices, an 



212 


amount of accuracy wluch is sufficient for the object Three arms 
with levelling screws are formed on the stand of the instmment by 
winch the vertical ams is brought into a timly vertical position 
previous to use 

To tost the readings of altitude it will suffice, aftei properly lovol- 
ling the instrument, to bring the zero of the graduated arc to the 
zero on the fixed vernier, and then to ascertain whether the line 
drawn from the centre of the lens to the contio of the aperture 
within which the focus of the lens falls, is truly vortical That is 
known by fixing a small plummet (which is supplied) to the centre 
of a cap which fits over the lens and observing whether the point of 
the brass hob coincides with the cross lines cut on the sliding scroon 
which closes the aperture oponiiig to the thoimometer bulb If the 
coincidence is satisfactory no correction will bo needed , otherwise, 
the mstiument should be turned on its hoiizontal axis till the 
plummet covers the point of intcrsooiion of the oioss linos, and the 
reading on the arc will be the oiroi to be applied as a correction 
with its proper sign If the observer so prefers, and has the neod- 
M skill and appliances, ho can shift the vormei and thus i ©-adjust 
the zero reading 


MEM0iiA.Ni)trM: for the use of Ojbskiiveiis with Tnorason Balfoto 
Stewaet’s Actinometeu, pieparod by Puoeessoe G G Stoices, 
Sec R S , and adopted by the Committee on Solae Pittsics. 

The Committee regard the instrument heroin desoiibed as an 
apparently good instrument, though it has not yet been tiled under 
conditions more favourable to actinometno observation than can bo 
obtained in the United Kingdom Paibly on this account, but even 
more on account of the still immature condition of the whole subject 
of actmometry, they deem it piemature to attempt to draw out any- 
thing like a code of instructions for rogulai observation with it, and 
think it best to place the instrument in the hands of on© or more 
intelligent observers interested in the subject, and residing m 
suitable localities at very considerable elevations above th© level of 
the sea, indicating to them the objects which it is sought to attain, 
but leaving it in great measure to tbeir own judgment, and to the 
experiono© they will gam in using the instrument, how best to caiTj 
out the observations in detail 

Let it be understood then that the chief object which it is sought 
'ulimnaiehj to attain by the use of an aotmometer is a knowledge of 
the variations (if any) in the heat radiation from the sun itselfi 

The first great obstacle to the attainment of this object is that 
arising fiom variations in the heat-intercepting power of the earth's 
atmosphere To reduce this to a minimum a station xs in the hi at 
instance chosen which, while favourably conditioned in other 
respects aS regards climate, is well elevated above the level of th© Boa, 
so as to get rid of the denser and more dusty and hazy portions of the 
atmosphere, A suitable station having been chosen, the next point 
is to select proper occasious for observation A cloud covering the 
sun would of course make the observation impossible; but even a 
shght veil of cirrus is found to intoifore materially with the amount 
^ heat coming dneotly (that is, without any defioction) from the sun 
Hence the observer should choose bimos when tho blue sky is to all 
appearance he© from haze Hetadied clouds heed not pi ©vent an 
observation, unless during some pait of the time of exposure they 
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come so near the sim tli at the rays they reflect aie liable to pass 
through the lens m such a direction as to fall on the bulb of the 
thermometer 

Vitiation of the observation by msibh causes of interception of the 
heat rays having been thus gnardod against, there still remains the 
possibility of casual fluctuations being produced by the invisible 
constituents of the atmosphere Foi the detection of these, and for 
learning the conditions oi their absence, we can only have recourse 
to a comparison of the lesults of obseivations made on difiPerent 
occasions To render such a comparison ofleotive, memoranda 
should bo made at the time of the observations of the condition of 
the atmosphere, so far as can be judged by the eye, and by readings 
of the ordinary meteorological mstrnmonts, and the altitude of the 
sun should be measured (no great accuracy being required in tbe 
measures) and recoided, or else subsequently calculated from tho 
known time of day and yoax 

With a -view to thi owing light on tho conditions of atmospheric 
fluctuations in tho ladiation received at thq surface of the earth, the 
Committee would suggest that the actinometer above described 
should be obseived an conjunction with some qualitative instrument 
which gives an immediate graphical and visible indication of the 
power of the sun An instrument devised by Mr Wmstanley, and 
modified by Captain Abney, would appear to be very suitable for 
this purpose A complete accordance between the two instruments 
IS not to be ©\pootod, because tho thermometer in Mr Wmstanley’s 
instiument is exposed to radiation from vaiious directions The 
difference between tho two mstrumonta m this respect may be useful 
in throwing light on tho causes of atmoaphouo fluctuation 

When the obsoivcr has loaiMied how to avoid at least the grosser 
foims of atmospheric finctiiation, he may attack the problem of the 
©fleet of tho sun’s altitude on tho amount of heat radiation inter- 
cepted for this purpose specially favourable days should be cbosen, 
and observations mad© at frequent inborvals, f!rom shortly after 
sum ISO toiieai sunset The condition of the atmosphoie on these 
days should be carefully leoorded- Tho days used for the purpose 
should nob lie confined to one season, as it is possible that the 
normal condition of the atmosphere at a given place, and with it 
the amount of absorption for a given albitudo of the sun, may vary 
with the season All through the observations above leferredto, 
or at least afbei ho has learned to recogmso tod avoid the more 
serious atmospheric fluctuations, the observor must bear in mind 
that the instrument itself (the actmometor) is on its trial, and he 
must bo alive to the possibility of variations in tho readings, due 
meiely to difforent conditions of exposure, or to othei purely 
instrumental souroos f oi testing tho instrument itself, times 
should be chosen when, as far as tho obsorvor can judge, there is a 
freedom from casual atmosphono fluctuations, and it would he ttoU 
to take a good number of consecutive obsorvations with the screen 
alternately on and ofl* 

When the observer has learned how to avoid, as far as may be, 
merely casual atmospheric fluctuations, and considers that the 
instrument has been sufficiently tested, he may commence observa- 
tions taken with a view to their possibly forming part of a permanent 
rocoid for this it would be proper to get a result for each day, so 
so fai as atmospheric conditions permit ; but bow many observabions 
it would be desirable to take, whotboi they should be taken at 
stated hours, or yrith Stated altitudes of tho sun, or whether the 
most favourable opportunities as to atmospheric conditions should^ 



bo soizied which present themselves, not too far from noon, so that 
the sun has a high altitude, are questions which cannot woll bo 
answered till tho preliminary oxpoiimonts above mentioned have 
been made Tho obseivations foi permanent record can hardly bo 
until tho effect of altitude has boon doterniinod, but they 
may be as soon as tho observer has made sufficient progress 
m learning to avoid casual sources of error 
When wl has been don© that can b© done at one station, tho 
discussion of the records obtained may lead to prosnmptiv© ovidenoo 
in favour of a variation in tho aotual radiation omitted by the sun 
itself, but so important a concluBion could nob bo considered as 
established withoub corroborative evidence, arising from tho com- 
parison of simultanoons observations at at least one other favomably 
situated station widely sopai ated from the former. As soon, thoi e- 
fore, as tho method shall have boon bx ought into thorough working 
cadoi, ospooially as rogaids tho lulcs to be followed foi tho avoid- 
ance of casual atmospheric ffixotuationH, it is desirable that tho 
stations of observation should bo multiplied. 


APMNDIX Ii 


DEScaimoK of Boscoia^s AcmoMETnE, modified by llon^ciii Bawm* 
and manufactuied by tho Camjuuoge Bciinrario iNsrnumNr 
OOMl’ANY 

^ April 11, 1881. 

Tho moasuromonb of tho chemical offoii of total, daylight is made 
in this instrument aooorcUng to iloscoe’s mefchod by exposing a piece 
of sensitised paper to tho light for known lutervals of time at each 
hour. To effect this tho piece of sensitised paper is fixed lound a 
drum This drum can turn on a horij^ontal axis, and tho frame 
which supports it can slide hormontally A piece of thin sheet 
brass is ffxod over tho drum and a hole is cut through it* It is so 
arranged that ifc presses down lightly on the top of the drum, thus 
a small piece of tho Bonsitised papoi is always exposed to the day- 
light, and the lost of tho paper is m total darkness* Thus by the 
horissontal movement of the frame and the turning of the drum 
evory part of tho sensitised paper can bo brought under the hole* 
Wo will suppose tho uisfcrumont to bo working The frame which 
suppoiig the drum has a slow and continuous movement in a hon- 
ziontal direction Between the hours the drum does not burn, and 
it only moves slightly m a horissontal direotiom At the hour the 
drum turns suddenly for a small part of a revolution, thus exposing 
a fresh piece of paper under the hole. After seconds it again 
tons suddenly as before, exposing that piece of paper for 2 seecndk* 
Similarly fresh pieces of paper are exposed jfor % 4, 6, 10, 20, 40, 
90 seconds, and after this drum does not rotate again till the 
next hour, when a similar set of movements takes place. Sence, 
between the hours there is a piece of paper e*|ioicd for WK minutes, 
and which is iiseless on account of the long exposure. Owing to the 
horiizofrtal movement of the drum a fresh piece of paper is exposed 
when on© complete revolution of the drum has taken place 
The mechanism by which this movement is effect^ is as follows ; 
To the barrel of a clock {% e , the barrel round Which the gnt from 
me weight is coiled and which drives the clock) a pinion is fixed. 
Taw puaiott geftra mtio » tooth •wheel, aad on the wbor of thi# wheel 
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a small barrel is fixed ‘When tbe clock is wound up tins small 
barrel turns, and in so dorng winds a piece of chain on it, and as 
the weight of the clock goes down this small drum turns slowly in 
the opposite diicotion, and the chain is slowly unwound fiom it 
The othei end of this chain ib fixod to the frame which suppoits tho 
drum, and which can slide hongsontally Thus if the chain is always 
kept taut, tho drum will slowly move honisontally in one diieotion 
as the clock goes, and when tho clock is wound up it will he pulled 
hack into its original position This chain is kepL taut by a piece 
of gut, which la fastened to the other end of the frame, and theoco 
passes over a pulley and is attached to a weight The horizontal 
movement of the drum is thus given, and it only remains to explain 
tho arrangement for tho rotatoiy movement 
See "Fig. I A is an arbor which has a tendency to turn m the 
dii ection of the arrow Tho mechanism for doing this is not shown 
in the sketch, but is arranged thus On tho aibor is a pinion into 
which a wheel gears, tins wheel is made to turn by means of a 
weight attached to a stx mg which is wound round a small bairel 
fixed to the same arbor as tho wheel B is a i atohot wheel, which 
IS not fixed to tho arbor A, but imns fieely on it m the direction of 
the arrow onco m 3 minutes, by being goaied to a wheel on tho 
scape wheel arbor of bho clock This gearing is not shown in Older 
nob to complioabo the skotoln An arm 0 m fixed to the arbor A 
D IS a pm fixed to the end of this arm, on this pm a piece E can 
turn, a pm F piojootsfrom the side of the piece E, and is soarianged 
that it can engage m the toeth of tho rachot wheel B A spiiiig G 
tends to tuin the piooo B, so that it not prevented tho pm F will bo 
forced down between the tooth of tho ratchet wheel We have seen 
that tho Arboi A tends to turn and carry tho arm 0 with it , in the 
position shown in tho sketch this turning is prevontod by tho hooked 
end II of the lover ITK, this hook catches in tho end of the piece B, 
and as tho other end of this piooo comes against a stop L the ai m 0 
IS held m the position shown in tho sketch, this sLoi) is fixed to tho 
arm 0 and projects from its side In this position tho pm F does 
not engage m tho teeth of tho lachet wheel B Tho weight tending 
to turn the arbor A will keep tho arm in this position At the horn 
the hook H is raised, thus releasing the pxoco B, tho spring G will 
then turn tho piece E, so that tho pm F will engage in tho tooth of 
tho raohet wheoL We have soon that the rachei: wheel is always 
turning at the rate of one turn in 8 minutes, and as the arbor A 
tends to turn in ilia samo direction it will now' turn at the same 
rate Before bho arm 0 has time to got round again to its original 
position the hook H has como down again, and thus tho outoi end 
of the pieoo B will hit against it, but tho arm will go on for a short 
time till the other end of tho piece E comes against the stop L 
This movement throws the pm F out of gear with tho xachet wheel 
and again holds tho aibor A Thus ai each hour tho arbor A takes 
one oompleto revolution in 8 minutes, and tlion i emalns at rest till 
tho next hour, and so on The manner m which this regulates tho 
turning of tho drum will bo explained ftirthor oiu The lever KK 
can turn about its contro, and its end K rests on the edge of tho 
disc M This disc turns once an hour, and has a nick out in its 
edge so that at the hour the end K falls into the nick and thus the 
ond H IS raised Tho slantmg side of tho nxok again raises IC, and 
so lowoi^s II before tho end of the 8 minutes, at the end of which 
time the arm 0 returns tQ its original position , the disc M is dmded 
into 6Q divisions, and can he set like the hands of a clock, ^ e , it 
can turn with a stijEf joint on the hour arbor , thus it can be set so 
that the nick will come uppermost exactly at each honr, 
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In Fig 0 A ropt mmtH tlin Hiiim* m A m Fig, L, hui a 
sopamto wkekili i« givtni in in innk«* thinn tnnrn nlntu% A, ciwo 
B IS iixid to ihn arbor* Thun at oiirb hour iljH ilnr laakom tnn muu 
plrto raYolnibn in tluw mmnttH* On thn a\i i of thn drum to v^lindt 
the paper is fmal Umro is n small bamd, romni ulmdt a nonl w 
wound and a wrighi aiiaiduHl to ihcu’ord llttu' ttm thumtoiid^ to 
burn This bairol In rnniUHdi tl by tram of win ok with tin* »rlK*r 
01), winch IhttH also ictnU to tnrm For iim* t-uro of ilik arbor lln^ 
(Irnin turns ihrough tho right amouid to i*vpo i* n fttyi ptoco of 
paper Fned to this arbor iM a small unn tM*I The point of thi^ 
arm m nmtio smalli and rosin against the stdo of tht^ dwe At 
'varying ittter?als round the dim nh ks Wniro mif tbrough ifstilgo. 
The point of the arm FF h unule , o as to pans throiigli these «u4 i 
During the hour thm point r«sts apainsl I in* sitlioifttse thee Indwoeii 
two nicks When at tin* Inmi Ihm time tnriH, ovri) time a uiek 
comes opposite tiw^ point td the aim, thc‘^arhtir C*U gntn one turn, 
and thus the drum turns tin migh a traeliou of a rt^’volutmm and n 
fresh piece of paper k otpomnl ^rina di te hn ns w dlt jerks at each 
second as the doek ticks ^ the pond H paseeu llirongh a nn k tiuring 
one of rh(‘He jerks wluh' the dtst* is nundng eonipiniilivel^ tpuckly* 
Thus the intcumtttmt movtunetd «»r ihr^ drum lake * pUeee *witli eoii- 
siderahle accuracy. Any rtspined hnigths td* e\pmure can l)i» gt%*eu 
by putting the ineskH m tlii^ eoirc^spoiidiug idacos* llie tucks iirnciit 
diagonally across I ht‘ tslge of (]n» diM* Tjim is done m urihu" to 
provent tlie possibility ol fb' pond t H coming rtuiml 'o ipuckly 
to pass threugli tln^ sann* nick twice 

The acconipanj^mg sk{»tchcs mtisi, be taken to be mcrel^’^ ns ilLi- 
grams to show the prmci|de of tin' nu'chaukm 

The ahow' instrument u annhigims m pHueiple to that dcMudbefl 
hy Professor lioseoo in the Fhilosophiciil Traunactions for lH7k a 
modified form of which has now bemt eoutmuoiH^ oi work at Hold It 
ICensingtoii for several monihs* 

Mr.^ Iforiwsc Dai wink arrnngemeut Is In N»nerid imtlaiM 
superior to the origtuid form of lioHcoo’s aclinmnttter, amt e«p< emily 
in rocmirlug a smaller ipuiutity of itu' seiHil tserl paper 1 1 law betm 
tcstml by Fred, Eoscoo and found to work pt rfeetly, Tbeiusti umenfi 
w now sot up at Hoiith Kenmugt mg and gives regtdiir and reltalde 
results 

A special readingmff iippnrnitu has bmm diwgncd by Cbptiini 
Abney, which greatly fwnlitates (he rembngs, and fcndom the daily 
opcratioiiH as simple and rapid ns possible. 


APPENDIX K* 

(«iMr MM#*,, 


limiciT Kioii A DiTTRE, DAWU t^it Afnih IHHl, mow Mi, ffrwi? 
F. Uhkmmuh Mm'Soiiowsm vii Enrnirma to urn 
m iKWA, TO Fiiotfussoa Hi’nicss* Hsc*antiii ILH* 

I wn now dospatohing to you the results of a yeaFs fibservalloiw 
with Balfour tftowarFs aefinometer at the Allpore OlwcTYiifory* 
They Uayt^ beou lukmi entliely by the native obM!iWf*rs, but I do iitd 
thidlc kherc k ally retwtm ki doubt that they liaye been taken cure* 
Mly and in ac^cordanee with the instructions given ihem wept in 
one poiiitj, whloli timy mIsapprelioudiHL ''Fhis was m lulheritif to tln^ 





practice of taking skada oksorvationa at a half mmnfce interval 
Except as legaida the nnal noon shade observation, this half minnt© 
mteival IS moldy a Hupoiflnity, but the second buh observation at 
noon isicndorod impoifoct by the want ot the final two minutes’ 
shade observation 


Mcmokakdijm to accompany the actiuouictncobsoivatiouy made with 
a Balfom Stcwait'a actinoinotoi at the Alipoio Obseivatoiv 
Calcntfca, from Apnl IHHO to March 1881 ’ 


Fiom the lOth Aptil IBHO to the 28th February 188J the piactico 
has been as lollows 

The obsoi vatxoiiK were taken as lollowb — At two horns Lhiee 
muiutoH before appaient noon, the niHtrumoiii being m position with 
the SCI ceil shut, a fust reading was taken Aftei lomaunug two 
imnufcoB by chiononu'tei with Hcneeu Klmt, a second loadmg was 
taken and the sn oen withdiawn A (tei two minutes cxposuie by 
chionomctei, the seieen was closed and the third loadmg tiken at 
the same instant A foiijbli loadum was taken halt a muiute later, 
and a fifth two mi nutcK aftei cdosing the Horcciu Hence the intei v als 
woio 


Shade 2 ininukvs 
Sun 2 
Shade } ,, 

Shad© li ,, 


} 


2 inmiilcH 


At 1 hour 157 iniunteH after appaient noon the senes of observations 
woxo similar 

At five mmutoB before appaient noon the leadings were taken at 
the following intervals 


Shade 2 mimitoH* 

>-2 mimitoB 

}} j 

Si 

Through a mxsappi chonsion on tho part of l^ho observois the final 
made observation at noon was not prolonged to two mipiites (as it 
should have boon), Tho consoquonco is that up to tho end of 
February there is only one comploLo noon observation, which is that 
recorded in tho accompanying table 
From the iHi Alarch iSsi, tho mtoivals of both sun and shad© 
obsoi vations aio in ail casoB two minutes Thoio aie thus after this 
date two complete noon observations, but it is only the fiisfc of these 
that IS roGordecl m the following table 
Before the 10th Apnl 1880 no initial shade observation was taken, 
but 111 other rospoci® th© practioo was the &$mQ as that above de-* 
SOI ibod 


Bun 2 
Shade J 
Shade li 
Sun 2 
Shade i 


XI 824, 


t» 
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folio wm^ Table is a rdcoid of Observations made witb a Baleoxtk Stewabt’s Actinomm 
the Alipore Obseivatory, Oalcntfca, from Apiil 1880 to March 1881 

"E B —The Table is pieoeded by the leoords of the Obsoivations upon three days. May < 
Dec 16, and Dec 21, which have been selected at random, and have boon given m full to $h 
the mode of using the instrument 

ExrLANATION OF SYMBOLS 


0 Cirru'^ K Cumulus 

Os CuTO-stiatus Ifk Fiacto-cumulus 

Ok Cirio-cumulus 


Date 

Two horns befoie apparent noon 

At appaicnt iio( n 

Two houis after apparent nooi] 

Beadings 

Ohaiige 111 

Re- 

duced 

o 

Remarks 


Change m 

Rc 

ilucod 

0 

Remarks 

1 

Change m 

Re- 

Reiimi 

a 

O 

■ 

o 

■ 

0 

o 

May 

^1 





Cloudy 

88 % 




Scatteied 

cirn 

06 68 




SuiWol 

0 au'd 







88 60 

hO 12 



tf 

96 ()2 

4 0 04 










96 20 


4-7 70 

4 8 01 

>9 

102 ()0 


4-7 01 

4-7 33 








96 00 

-0 20 



99 

102 62 

-0 11 










96 40 

~0 74 



99 

102 01 

-0 62 










101 82 


4 () 36 














101 40 

-0 30 



99 






Deo, 
1(5 ' 

72 (5t 




Palo sky 

77 68 




Sky palo 

81 00 




Skypi 


72 76 

1-0 12 




77 HO 

1-0 12 




81 11 

4 0 14 





80 30 


4 7 64 

4-7 (56 

» 

86 ()2 


1 7 82 

4 8 03 


88 38 


4 7 24 

4-7 m 


1 

80 20 

-0 10 



»» 

85 44. 

-0 18 




88 20 

“-0 18 





70 86 

-0 34 




8J( 90 

-0 64 




87 (50 

-0 78 










91 68 


-r6 78 














91 30 

-0 88 









21 

m 82 




Clear 

72 52 




Oloai 

76 20 




Oteai* 


68 08 

4 0 26 




72 00 

-f 0 08 




70 3(1 

4-0 10 





76 08 


-18 00 

1 4-8 19 


81 14 


+8 64 

i4-$JB 


84 1(J 


+7, 80 

+8 09 



76 98 

-0 Id 




80 04 

-0 20 




83 91 

. -0 10 





76 lit 

-0 m 




80 24 

1 -0 9(: 




83 4S 

1 -0 68 










87 OS 


4-7 








* 



> 



87 2( 

) -0 4S 








1 
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Two hours bofoie noon 

At apparent noon 

Two houis after apparent noon 

Date 

Approx 

Inciease 

from 


Approx 

Inciease 

fiom 


Approx 

Increase 



tempo 

latme 

direct 

solar 

K/omaiks 

tempe- 

rature 

direct 

solai 

Remarks 

teihpe 
ratui c 

direct 

solar 

Remarks 


of ail 

ladia- 


of air 

ladia- 


ot air 

radia 





tion 



tion 



tion 


1880 
^Pl 10 

97 

97 

6 88 

Clear 

C5>£> 

00 w? 

7 07 

Slightly cloudy 

92 

92 

6 92 

Clear 

» 11 

86 

6 72 

X)o 

02 

7 19 

Cleai 

98 

G 90 

Do 


8b 



02 



93 

» 12 

96 

6 61 

Bo. 

04 

7 89 

Sky pale 

95 

7 05 

Do 


<)b 



94 



95 

« 13 

97 

6 95 

Bo. 

94 

() 87 

Do 

9() 

b 88 

Do 


97 



04 



9b 

» 11 

97 

6 28 

Bo 

93 

7 34 

Do 

97 

() 96 



97 



04 



97 


,, 15 



Oloixcly 

01 

91 

7 01 

Thin patches 
of Fk hid 



Cloudy 







the sun 




>> 10 



l>o. 

01 

7 64 

Patches of K 

93 

6 99 






91 


scatteiod .ill 
ovci the sky 

93 



« 17 

92 

b 92 

Scat Cored cu- 








93 


mull 







„ 18 

8b 

7 04 

Sky pale 

8S 

7 44 

Sky pale 



Do 


8b 



H8 





» 10 

81 

7 {>7 

Scaitoiod( uu 

88 

S 45 

Uo 

91 

7 79 

Si attoi od cu- 


81 


and. (uiuuli 
all over ilm 
feky 

88 




mull 


i 

„ 20 

97 

7 41 

Hcaiioiod cu- 

02 

S 35 

Scaticred K 



Cloudy 


97 


iimli 

92 





M 21 

87 

7 77 

1)0. 

91 

7 68 

S< attoi etl cu 



; Do 


87 



01 


muli 



„ 22 

86 

b 92 

Fa a<5f 0 ( umiiU 

01 

V 10 

Si attoi eel Pk 

92 

b 52 

Scattcicd cu 


86 



01 


almost all 
ovci the sky 

92 


mull 

21 

85 

7 86 

Cleat 

03 

7 IS 

Oloai 

96 

7 54 

Oleai 


86 



03 



96 



M 26 

85 

8 02 

Bo. 

0 4 

7 42 

Do 

95 

6 85 

Do 


86 



0 4 



95 


2(5 

86 

6 89 

Do. 

01 

7 21 

Sky pale and 

93 

6 30 

Do 


86 



01 


soattoiod Pk 

93 



» 27 

86 

7.16 

Bo. 

01 

8 20 

Clear 

94 

7 66 

Do 


86 



01 



04 



„ 28 

86 

7 28 

Bo. 

90 

7 68 

Da 

90 

7 30 

Do 


86 



01 



90 



n SO 

84 

6 02 

Sc*t»CBuod cu 

00 

7 10 

Scattcied fiac 

91 

0 95 

Do 

84 


mull 

00 


to ( utnuli 

91 



ta/ 2 

84 

7 39 

Oloair, 

so 

7 74i 

Scattered cu- 




84 



so 

muli, 
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Two liouM before ntmtu j Vt ) 


A WQ noiirs ai w apparent i 


-r, . , Increase 

Dates ippiox itom 
tcuipe dneofe 
raitire solar 
of ait mclm- 


Il<*taiirki»s r'ttiiu 


rV*L*^r;* increase 

I A Pin ox from 

il*i*.*** Hoiniirks direct 

seitfcit tatiire* solai* Jltomar] 

rat 1 1 t* of an radia- 


IHHO 

%Fuuo It H7 
K7 


July U «li 

m 


l(» Hi 

87 


80 


„ an m 
m 


10 m 

m 


11 m 


8 27 Hi at U tod «*t* 
imili 


iiD tmt flH* 
■sk \ 


in nii 5 50 Dale kt 

t)*. 


i iomly. 87 

«7 


7 8S Hi aiteiod « «»- | HI 
ititlh lid «n f^r j Ht» 
thosk^y* 


7 17 1 I ittiiuli. 


0 80 SimCloifd K 
A i' «ll 


6 40 A, ii*ftUMyi*r 

tlie 


7 m K* A IHi, 


i 


7 M Meiitt^wal eii* 
iiiltlL 


8 K. 


7 4ir Htmticwft K:, 
A f I. 


of an radia- 
tion 


n inid p(j 

i dtonsl I’k 00 


7.% I Tlnn pi»is of 
I t k tairiHCtl 
tiii Mitl* 


H***e Pa? daif Pk 
aromiil tho 


ll H*‘iiif**icd on 0t 

mnliftlltivtn lit 

tim **ky» 


H* i * 8i‘jdtcr<d K 


ll» |f* Htiiftimsl t* 
t .1 K nil 

M\* J Skei 


<!*#« Hriilti imI K, HO 

r all tivci 80 


TiHiwI tiilh 8B 
ittik 80 


K aiiil Pk* 


H IH BiAfloicdK 4 

rk. 


5 09 Scattered 
mull 


7 0*1 Cumuli al 
the sky 


0 41 Scatlwcd 
C all 
sky. 


0J2 Covered 
Ck kli 


H.U* ^ «0 ?®5 Scftttorea 

J> w 


H l« ft»U(r-itK,(’ H7 V81 Smttflfoa 

in'!*. W I a»i)i. 
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Two lioms befoio nppartDt mon 


Date 


Approx 
temp© 
ratiire 
of an 


Increase 

from 

cluect 

solai 

radia 

tioii 


Kematks 


Appiox 
tompe- 
raime 
of ail 


1880 


Sept '^7 


8H 

S'J 


7 41i 


Sky covered 
with eiru 


At apparent noon 


Two houw after appaw nt noon 


Ineieaae 

fiom 

dnoet 

solai 

ladia 

tion 


UeniarkH 


4ppro\ 
tempi* 
raturo 
of an 


tnewiMc* 
fiom 
lUrwt 
Mjlm 
radm- 
; ticm 


liomarka* 


3? 


29 


80 

80 


8 B1 


IhitdWH Of K 

ovoi the Hky 




SO 


Cloudy 


88 

88 


7 00 


Bniall piocoHof 
passing Fk 
pasHCMl over 
the Him dur- 
ing both tho 
tnnoH of ox 
posuie 


Oct 1 


85 

85 


a 00 


A few pf itches 
of K 


>5 


3 


80 


0 4»li 


Thin einl eo- 
venul tUo sun 


0‘i 

m 


0 «7 


Oumntn 






84 

84 


7 06 


Patches of K 


00 

OO 


», 11 


8^ 

83 


8 43 


Scattcied I< 


3$ 


13 


87 

88 


8 18 


Do 


H 38 


Bkv pale, 
patches ofO 
around the 
Hun, and K. 
near tho ho- 
rizon. 


87 

88 


0 08 


A piece of K 
covered the 
sun 


Id 

in 


7.73 


A few |>4teln 
nf eiiwiith 


23 

25 


„ 27 


» 20 
» so 

I, $l 


84 

84 


83 

88 


a3 

88 


08 

08 


83 

82 


78 

78 


843 


7 07 


7 23 
7 78 


A few patches 
of IC. 


SoatiarodK 


Clear 


I'ale skv 
Do 


00 

00 


87 

87 


85 

80 


03 

03 


88 

HO 


80 

80 


8 61 

8.10 


8 77 


8 it 
8 14 
H 07 
8 38 


Scattered K 


A few patches 
of K. 


SeatfcwdK.A 
Pk. 


Bo. 

Sky pale 
Bo* 


Pale sky and 
seaitared thin 
cirri 


03 

m 


00 

iw 


Ml 

Ml 


01 

03 


Ml 

Ml 


80 

IMI 


8 31 
7.00 


7.07 
7*07 
7 r*i 
84.1 


tkh 


i f|Wj#itcliep 


K 

01 


OtttiiuM 
Hky pak 
IHh 


Hcikttnrtd 
and |Ate nlj 




***»*“ 1 

At 

— - - 

1 1 noon 

Two kouri after apparent nooi 

3C)£ito - 

(Ippiojc 
tempo 
i*ature 
of nir 

lum*asc* 

from 

direct 

w>l» 

rartia 

titm 


) . 

4pplti\ 

1 

ratni** ^ 
of ail j 

lin*rt 

lr*nn 

tliriH'l 

M>Iar 

ni«lla 

lleiuai ks 

] 

4.pprot 
tompe 
rature 
of an 

Cn crease 
from 
direct 
solai 
ladia- 

tlOll 

K,emaik8 

^1880 
N"ov. 4 




si 1 

7.S6 

'Ohm (11 a CO- 
Knod the sky 




»» 

9 

77 

77 

7 12 

Piiiilw «»} 

i'k* itrtoitl 

thv 



i^loutly 



(dou(i> 

» 

10 




Hi ; 

^ U 






11 

76 

76 

6 80 

Uw\ \ 

1 

Hit 

HI 

T.6I 

8im (oveusd 
with thm C 




>» 

12 

77 

77 

7 13 

i 

Clear 

m 

m 

^ m 

Olear 

88 

88 

7 16 

Oloai 

p* 

n 

7i 

7H 

7 09 

Pale 

hi 

81 

H.O* 

Bo 

B6 

86 

8 01 

Bo 

pp 

u 

72 

72 

7 m 

Vk%r» 

Nt 

81 

H H3 

! 

Do 

86 
: 85 

8 08 

Bo 

»p 

16 

76 

76 

1 07 

Hk> 

H2 

H 28 

S<ifiit(‘rcd Fk 
imd tlie fiky 
pul(' 

86 

86 

8 28 

Scatioied c 
mull 

»p 

17 

8i 

84 

7.00 


in 

\n 

7 S*l 

Bo 

88 

88 j 

7 98 

Fk & K. 


18 

78 

78 

7.0t i 

Ha/% . 


! 

Cloudy 



Cloudy 

*p 

20 

74 

74 1 

a. 60 

Hmi 

Wit 1* V 

81 

a.79 : 

Hun (ovta‘odi 
Wiiih cim 




»» 

22 

n 

73 

1M 

iktvi ***‘’^♦1 witli 
cirri# 

1 



Covered witli 
olffl 1 and the 
olworvationH 
WjCOfetHl 




** 

n 

77 

77 

«.2t 


ht 

n 

ft an 

K‘&0. around 
the sun 

82 

82 

0 07 

Beatiored ei 

pp 

M 

72 

7i 

« 41 

Clear. 







*7 


^ n 

76 

0.88 

8cfttf*^reil fli 
ail if Imi/7* 

M 

«ao 

HcatierodK & 
Fk , Hky pale 

81 

81 

7 22 

K, 

»> 

26 



81c/ f»l«* * imil 
tor ri'a* 

imu^^ refiHlial, 

¥n 

mit 

7*07 

■ HoattercdK.^ 
iky pale 



0ondy 

.. 

27 




m 

m 

7.4t 

J 

Bo. 

80 

m 

7,21 

fieatiered c 
muU* 

•1 

28 

7$ 

7.02 

m 

pulrr 

fit 

m 

f H 67 

8cnitwed 0 

84 

84 

8 06 

Scattered 0 
pal© sky 
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Doais bofoie apparent noon 

At apparent noon* 

Two hours aftei apparent noon, 



Inoroa% 



tntrease 


Appiox. 

Inerciise 


Date 

Appr ox* 

from 


Appiox. 

fi om 


Dorn 


161111)0“ 

latnio 

direct 

solat 

Remurkfi* 

tempt 

latuio 

diroot 

Nolai 

Roinarks. 

tempe- 
ra tin 0 

direet 

solar 

Benin iks 


of air 

radm 


of an 

radia 


ol air 

radia- 



Uoii 



tion 



tion 


1880 
Nov 29 

75 

8 11 

Clear 

78 

8 09 

Clear 

HI 

H 10 

Olt^ar 

75 



76 



81 



» 30 

725 

7 (SO 

P do sky 

81 

7 19 

Sk’v pale 

82 

7 81 

Do 

72 


81 



82 



Dec 1 

74 

7 27 

Do 

80 

8 *JG 

Ch'ai 

81 

7 7t 

Do 

75 



80 



ht 



», 2 

77 

() 7' 

8un Covered 

81 

7 88 

Sky imle 

8.) 

8 03 

Hkv pale 


77 


with thin 
cun* 

81 


85 




» 3 

78 

7 50 

Cloai 

80 

8 It 

Do 

81 

8 21 

Do 


7S 



80 



82 



M 4 

75 

8ao 

1)0 

70 

8 7(5 

Clear 

HO 

H 48 

(‘kmt 


75 



70 



83 



« 5 

72 

7 23 

Do 

81 

8 70 

Do 



Olfrtidy 


72 



82 





» 0 

75 

7 011 

Haj'y 

77 

8 37 

Sky pitl(‘ 

82 

H U) 

dear* 


75 


77 


82 



» 1 

7!fe 

7 GO 

Palo skyk 

77 

$ 60 

Oloai 

81 

7 85 

Hky pale 


72 


77 



81 


» 8 

74 

7 77 

Hazy 

79 

7 74 

Sky iwlc and 

82 

1 8*13 

Do 


74 



70 


passing P'k 

82 



« 0 

74 

7 30 

Hazy 

78 

7 (57 

A Him piece of 

7ft 

7 39 

Bky pale* 


74 


78 


Pk pan seel I 
over llio sun 

7ft 




„ 10 

71 

7 (5S 

Clear 

77 

8 27 

Sky pale and 

7ft 

7*00 

Ht attetedPI* 


7i 



77 


seat ten od 1 k 

7ft 



ill 11 

72 

7 42 

Do 

78 

8 06 

Scatter'd Pk 



(Jkmdy 


75 



78 


and pale sky 




« 12 

74 

7 80 

Do. 

78 

8 ,33 

Oloar Beat 

81 

7 7ft 

t)k%r, Btidw 


74 



78 


tered Pk 

81 

kP‘d kk* 

« 13 

69 

8 11 

Do 

78 

a 42 

Clear 

79 

H,t8 

Cj|«r* 


69 



78 


7ft 


« 14 ' 

70 
^ 70 

7 20 

Bky pale 

74 

74 

8 30 

No roniMks. 

77 

77 

8 41 

Sky pate* 

„ 16 

72 

73 

7 29 

Sky pale and 
hazy. 

Ve 

76 

0 09 

Sky pal® nttd 
iW 

m 

m 

7 43 

Do* 

« 1# 

73 
'1 73 

7 05 

Pale sky 

2§ 

78 

8*08 

Bky pile. 

8l 

8l 

7 60 

Do* 

.» 11 



Cloudy 

80 

8 22 

Do* 

84 

H 10 

Do 





'80 



84 

1 
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Two iKMin liofok apimwaii iwkuj 

At Aj)|)ar(‘ut tuKui 

Two lioiitt iilkr apparotit tioon 




liK m&m 


Voimot 

Uu»ri'aHC* 



1 ocrofiHO 


Dak 

\p0u»x 

fWHtt 


(rt>m 


\pprox 

from 




mtiir<» 

clifist 

Holar 

It nwuki. 

to»il»o 

riilojt! 

(UikhO 

Holar 

EmottikM 


(Uriwt 

solar 

UoimrkH, 



of air 

ratllfv* 


ol an , 

mdkTL- 


of au 

r idia- 





tknu 



iant 


1 lOtl 


IHHO 







• 




U) 

«3 

7 01 

(Omi 

71 

H 21 

doai 

HI 

7 71 

1 Horn 



00 



70 



HI 


20 

m 

H 1« 

Dm 

72 

0 (Ki 

Do. 

7(5 

H 11 

Do 



m 



72 



70 



21 

tw 

0 10 

Do 

71 

M 01 

Do 

70 

H 00 

Do 



(IS 



71 



7(> 


>* 

2 > 

m 

OH 

7 77 

Hk^ iml<‘ 

71 

71 

H no 

Do 

7(1 

70 

8 10 

Do 

»» 

U 

00 

7 00 

Dt» 

71 

n 

H M 

MKy oalo 

1H 

7H 

8 17 

Hky lado 


2t 

OH 

0 .10 

i1t*aK 

7.1 

H HI 

(loar. 

70 

7 fif) 

Do 



00 



71 



70 


»» 

2a 

71 

» 01 

Di» 

m 

4.117 

DtK 

HI 

H 07 

t'lcoir 



71 



70 



Ht 


2l! 

70 

H.IT 

Do 

7a 

H 00 

Do. 

70 

(i 05 

Do. 



70 



7.» 



70 


w 

27 " 

OH 

7.07 

.*skjf paliH 

U 

0.07 

Do 

70 

8 0(1 

D(i 



OH 



l> 



70 


•> 

m 



Vory hir/y 

7.1 

n 

H 11 

Hky loilo 

77 

V7 

8,00 

lido Hky. 


ill 

tt'i 

74»1 

Dtilo Mky. 

7l 

H .01 

Pitlo aotl hao 





m 


71 







no 

70 

i 

atul lmw‘ 

70 

H 00 

(ImrtHl with 

HI 

7 07 

Covrrotl wltli 



70 ' 



70 

1 


(‘ImtH 

hi 


(•itUlH 


tn 



(lotiOy* 

7H 

7.07 

Pmkhv. tif paK t 



tioudy* 






fH 


btK Tk, cov- 











ami t ho mitt 











at hiirryal*!. 




imi. 





7 72 ' 






a 

70 

70 

0 HI 

lln/y. 

fH 

1H 

Bky Ottlo. 

HI 

■ HI 

(1 50 

Tk, sky polo. 

»» 

» 

n 

7,01 

tku 

V 

7,00 

D(K 

HI 

7 10 

(hoar# 



n 



11 



H2 



y 

n 

7,07 

Taw top? oirr 1, 

1% 

s on 

H(».U torod c*url 

7M 

8.07 

Hoaiiorod dnu 



n 



7* 



7H 


“ 

H 

n 

n 

7.07 

Hlty Ottlo. 

71 

71 

M (50 

doftr 

7H 

7H 

7 88 

Mky t>fd#» 


1) 

(« 

7.ltT 

Cliiift 

70 

H.m 

i%h Hky. 

71) 

H.OH 

( 1«t\ 



i» 



n 



70 

' 



10 

70 

70 

74» 

Ikh 

li 

0. 10 

Ol«r. 

77 

7H 

7.05 

Hky pftlo. 

*r 

ll 

70 

7.tt 

Do. 



Hky jmlo* 

HO 

7.41 

Do. 


70 



h 


HO 




12 

71 

7.10 

Mky |ialo. 

m 

M.m 

Cjlwr. 

Ht 

0 71 

Do. 



71 


7H 



HI 


** 

m 

00 

O.ffO 

IlftMy* 

711 

T.OI 

Hky imlti 

140 

(» OJ 

Do. 



70 


7.1 


HO 
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Date 

Two liouis liefoie apparent noon 

At apparent noon 

Two hours after 

A.ppl03^ 
tempo 
ratine 
of an 

lu 01 case 
from 
direct 
solar 
radia 
tion 

Rcmai lc4 

Appiox 
toinpe 
ratnre 
of air 

Inoiease 

from 

diieet 

solar 

radia 

tion 

Remaiks, 

Appiox 
tempo 
ratnre 
of an 

Increase 

from 

dnoet 

solar 

mliar 

tion 


1881 
Jan 14 

70 

7, 

18 

Sky pale 

76 

9 11 

Sky pale 

80 

8 

08 




70 



76 



80 





15 

70 

G 

99 

Haz) 

75 

7 86 

Do 

80 

7 

98 

Sky palti. 



70 



75 



81 




16 

70 

7 

98 

deal 

75 

8 01 

Cleai 

79 

H, 

14 

Clear 


70 




75 



79 





17 

69 

6 

90 

Ha/y 

76 

7 78 


81 

7 

54 

Sky pato. 



69 



75 



HI 




18 

69 

b 

99 

Do 

74 

7 58 

Pale skj 

79 

H 

10 

Clear 



69 




71 



79 





19 

70 

6 

76 

Pale slcv 

75 

8 21 

Do 

H2 

8 

30 

Do 



70 




75 



82 





20 

70 

0 

18 

Ha/y 

75 

8 09 

Do 

81 

7 

82 

Sky pal#. 



71 




70 



81 




21 

09 

8 

07 
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A.PPE]SrDIX L 


Letters in HBrtv to thj. OiROTiAa Lcttlr oj- SIst December 

iooO 

JjS o)^v C jH[o> nst(*m^ iho Ohsm vatoi ij, JPmgue 
Tjccanslatiok. 


TPraguo, 27 tli Jaimaiy 1881 

In answoi' to tlio lot Lor (of bho Slat Docombor 1880 ) fiom one ol 
tlae BiomborB of tlio Oonixnitboe, 1 liavo tlxe liononr to make the 
following coininimieaiionR 

1 Bomarhh oib a .saws oJ- ohhPi nUtojih oJ bKusjiiotb fwm tlio yea) 1860 
to 1862 

In the yctxiB 18()0 to 18 ( 52 , wliilo cnnployocl at the Yioiina observa- 
tory, I made a horioB of nuiiieionB obHoiVcitious of solai spots with 
Ifiauiihofex’s rofractoi of 6 inchoB apoitmo A small portion of 
those observatioim, as ■well rtB the method of obsoivation and the 
maijiier of rodiudion, wore tmblmhocl in tho 54 th volume of the 
Astionomiscbo Nadiriolitcm 


Tho accompanying paper ooutaiiiH a IjrL of the days of obseivatioii 
On each of bhoBO days there were as a ml o repeatedly deierminod 
the positioixB, in i elation to the centre of the sun, of all tho sunspots 
of any coiiBiclerablo dimeiiHioiiH On each day, with a few excep- 
tions, ibeio was also a BkeleU taktm, in winch besides tho spots the 
necessary data ioi tho doLcnuin ination of tho area of each spot are 
given, that is to Bay, both fclio area of tho nucleus and the area of 
tho penumbra separately Tho diameter of‘ the snn in these sketches 
IS taken at about 12 oontimebi es. 


1 shall eixdeavour to publish tho whole sonos of oljservations, if 
not entire at least in absbrai^t- If the cabalogno of solar spots obserf 
rations now 111 tho picsB who aid not (mriLam the above-mentioned 
observatnmB, I shall faol obliKod by tho Oommitfcee msertmg them 

2 On the pttfr})omf(n whieh ih(m ohsormtions wo'i & imdertctl\sn. 

The primary lutontion of t-lus work, as may also partially he 

gathered from a communioation of mine in the 54th volume of the 
Astronomischo hTaohrichten, 1 stated at a meeting of several 
asteonomerB tit Berlin m Saptomber 1860, amoiig whom were present 
Professor l^ruhns, Dr ITor^tar, l)n I^apo, Herr Lesser, Herr AuwerSf 
My statement was Bomowhii/t asi follows 

“ Jnst as xn the dotormmation of a planet’s orbit we make use of 
all the observations which are taken at the various observatones, 
in the same wa^y, xa ordex to dctormxna tho elements of rotation of 
the sun, all the larger aim b pots should he carefully observed at 
several obsorvatorios, and their rtilative positions to the centre of 
the sun should he as often uh down, Oht of the total 

of these measurenaonts from month to month, and from year to year. 
It would then bo easy to clehnmwtn very aoourately the elements of 
rotation of the sim and the movemTOts which are taking place m 
various partR of tho pliotosxihcx^o. 

But these monsnremeni^ and the calculations based upon Idiem 
should not bo oontumed fox'* a few yearB only* On the contrary, the 
movements on the snrfaco of the eup shonld be uninterruptedly 
noted in tlio same way as this is done with the movements of the 
moon and tho planets, as It m only in this manner that the laws 
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wbacli govern the formei movements can be easily and suiely reoog 

^^^inoe tnen, thongb many publications have rendered a gieat deal 
of service yet the realization of the above methods seems to piomise 
a large harvest of results For insfcanoe, among other questions 
there might be made an exhaustive investigation -whether the period 
of rotation of the equatorial zone is to be taken as constant 
The work which I began at the observatoiy of Vienna was inter- 
rupted by my leaving that place in Septembei 1862, and unfoitu- 
naMy I am not now iii a position to think of continuing it Peihaps 
the Committee will feel inclined to take up the examinations pointed 
out, among the works which will have to be conducted by the ooli- 
te mplated Institute for Astronomical Physics 

(Signed) Dll 0 Hoenstein 


Fiom Piofesso'i G A Young ^ Fn'ncdowrbi New Jei^sey, V’ S A 

Prmoetown, ITew Jersey, D S A » “ 
5th Febnaiy 18& 

I received your communication on behalf of the Solar Physics 
Committee some days ago, and have been greatly interested m it 
and in the documents which accompanied it 
I agree entirely with the views of the Committoe as to the 
importance of a continnous daily rocoid of the sunspots and the 
now quite equal importance of an actmometnc rocoid as complete 
and continnons as possible It appears to me that at present especial 
value attaches to aotinometric woik, and that every effort should bo 
made both to inciease tho sensitiveness and accuracy ol the apparatus 
aud to secure observations, complete and continnous, from stations 
where the atmospheric difficulties ai o a minimum 
It is hardly necessary for me to say that 1 considei it also very 
desirable that the maguetio records should be carefully collated witii 
observations of sunspots and prominences, especially with such 
spectroscopic observations as indicate violent distuibance of tho 
solai suiface Ooitain obscivations of my own in 1871 and 1872 led 
me to think it probable that every serious solar disturbance is 
reflected in the conditions of teriestnal magnetism, and everything 
which has since come to light, and especially the iec6nt investiga- 
tions of Piofessor W G- Adams, oonfiim the idea 
It will give me the greatest pleasure to co-operate with the 
Committee so far as is in my power I am so cxi cumstanced that I 
could hardly undertake Mimmm series of observations, because my 
time is not at my command, being much bioken up by various 
duties , hut I have a good deal of leisure in tho intervals which 1 
should he glad to devote to whatever form of solar observaliou, 
especially spectroscopic, most needs attention It is my purpose 
during the coming season to give sp%oial attention to sunspot spectra, 
and I shall be most happy to commnmcato to tho Committee any 
data I may obtain 

I shall be very glad to receive suggestions horn the Ooinmittoe 
as to any work they would specially like to have me look after My 
apparatus is such that I can most easily make spectroscopic observa- 
turns, but I think 1 could, without difficulty, arrange for any other 
obsiervations of more immediate pnpoitance 
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I eiiclostJ a summary of certem speotrosoopxo 

obseiTatio:Kt^ mmde Imro dmnng tbe past yeai 

(Signed) 0 A Yomro* 


hemr/nrn Dn i?Hya JBalhi, UMd 

^ „ Utroobt, 22nd February 1881 

1 feel v€^t*y iiiitcn honoured for youi eommnnicationB to mo of 

your V 1 OW 0 «aetnodB of carrying on obsoi vations m Bolai 

J?hysios, ^ aoi>iore only that I do not fed myscdf able to aid yon 

myomwoi*^* 

The Ba^oli Aloteoiological Institute has, to iny deep t egret, no 
personal oT iimteria>l aHmstance enough to make these obsorvationH, 
in which I a wry ppteat intorrst 

With l>leiisuro I saw tliat you (copy of correspondonco) lay 

great weij^lajb on a ^roat clearnesH of atmosphere on high inoun tains , 
which I iiicnsp€‘nsable, vuh *** Ohaugemonts pdriodiquos do 

temp^rataro do|Mni<lani <lu Holeil et do la Luno, Uticoht 1847 

2 That you wiUC Preliminary 'Eepoifc) examine and disciiss short 

periods , of Mr. Balfour Stewart. As soon as X have made up 

"the result oi my <>wn period of 27’'682 days given in tho aliovo sanl 
Ohangemejn’fctt^ tmcl mow confirmed by Professor Bruhns in Jus lottcn 
to me, I hiwe the honour to oier you a copy of that paper 

3 That tlio obB^’^rvatioms will be maao with a good actinomotor of 
Professor JBaifotii* Htowart, which perhaps gave occasion to Mr 
Yiollo (Rapport an C^oiip^rk m(^t(^orologuiu(uIe Rome, (Jtreelit 1878) 
to imagine ixm. 

I beg yota. i^xcnme that f subjected thcBc three points to your 
attention iiit order to hHow you that f ])eiuHcd tlu* i)aporH you 
favouied nac^ with, mmd anumgsb which plans, designs, and lomarks 
of tho higlxc*^Ht are to be louud. 

(Higtied) Buys Bauot. 


3rrmSir f?. B. Jlry, JCU.JB , If A , IHLH , Admiomcr^lloyal 

Royal Observatory, Oroemwioh, 

^ ^ Brd March 1881 

I roceiTCfcl your loMor of Docomlx^r 31st in the country, X have 
kept it m night* «md have referred to it from time to time, but 
busmesB wlitmi sacuntid to demand my attention every moment has 
pxoventod t»iy ittmwering t fear that what T have to say now 
will not ho vt*ry CHimpl^io 

The ohji^pta to wfiioh tho (‘>orrcs|)oucleuco (onchised with your 
letter) applic^s, iip|wiar k> be these, or principally these 

1 Tho moiMdy rofitimnms jihotographic register of solar spots 

2 The iii.oifcrly fHintinuous register of tho sun’s radiant heat, 

1* X mii>|>osr that ih© usos of the solar spot register are two? 
(a ) for tho c*hun|c©H fV©m year to yean (k) tho changes fVom day to 
day * 

Oh («.) WO have a great deal of Information beginning from 
Wolff* and exit reKtilarly at (heenwieh* and I suppose at other 

places Orii whut hhey lihow tho best evidonoe is that in Mr, Mills' 
paper on hlxo cmmimrlMcm of ih© snot observations with magnetic 
obs©rTatxo:rr«w *'Fh© mchlbifeion (melclenW to that comparison) of 
the numerical imiord exf sunspots shows m short periods oxtronui 
irregularity', aitd in lung periods an approximation to an ordoi-* 
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I cannot call it a law— of a rndo kmd, wluoli cannot Ijo atatod 
■without leaving amplo lioenso for dopartnro from anytlung hk« 
law Thn qaostion (as legards tho mattoi lioforo us) applying t<i 
this is— Is thcic loason foi hohcvmg that wo should approach 
noaier to oidoi or law by inultiplyiug Uio obsoi vatioiiB on tho pio- 
posod scale P I do not think thoio is Is it worth tho trouble to 
keep up tho pioseut system ? 1 think It is It gives us, though m 
avorytude shapo, a oosmioal loeuiionoo of much inloroHt, and it 
givos us tho first giounds for thoughts on causal ooimoMon that 
might in timo suggest distinct reasons lor oxlousivo obsw vatioiis 
in Indiaoi olsowhoro , , , , , 

111 (5 ) ciro aucli plxoiiomoiui as tho iiBC oi autl fiiouIiD, IIhi 

dimiiiufcion of ypotB, &o , tho budging .varoiHH HPotH, tho chaiigea ilial 
goon in thou Bpooirowcopic plionomoim, i»ho (udiuition of iho Bohir 
jogioiiB wlnoli they inoBb iirtecb, <&o Tho uK'ord of tlioni, at 
CliGonwioh for uiBianoo, ih \ory unpoi'focb But it w nob oini- 
tomptiblo TUoici arc fco bo touud, in oompanHon of coimooutivo 
plioiograpb.B, a groat luiiaboi of uintanaoH of oveny roHiilt of ebangoH 
bom aay to dav that can bo BiiggoHtod I. think that until thoHO 
Imvo boon well stmU&l, wifcb ibo viow of aBoorhuniug bow obHor- 
vationB can bo oxtonded advanbagooiiHly at b(mn% and on what 
points (vpi ij dmhmtlii miUmkil) obHorvatioxm at othox Htations am 
wmtod, wo should bo wrong m undei taking a sorios, though in 
itsolf hotter at a distant station 

2, Tho lucoid of solar* iiuliaut luMt, as a bro id iiatiual fact, uiu mi- 
nootod (at thopiosont tuno) with tbooiy,appejuK to mowell deBOivxng 
of attontion Its bcaimg on almost ovoi) thing in luunan Ido m 
evidently important And its bcanng on possible c-oHuucal thouxiOB 
maybe \aluablo (tliough 1 would not aet on anylhing ho \ague, 
owpt in unction with more diHlmot inwam) But th ore ap- 
peals to bo at prosout a ddliculty an to tlio mode of inoasuimg It 
does not appear, 1 think, that vva havo a satisractoiy aetmmuotei* 
Our tboughtB ought llrst to bo diroctod to that nwtruuuuital 
ariangcment 

In tho nioaniime thox*o ib another mode of xm^aHui iiig the ladlant 
heat as received by the oaiih-tbat indicated by tho deep sunk 
oarbh-theinioniotors Tho ovidonce of their elEcioncy m distin- 
guishing the heat received inddieront years and inddferont monthH 
will bo found m ‘*Beduotion of 20 yoais’ phoiogtmphie, Ac , and 
27 yeais’ observation of ourth thorinometers, Ao , af Oreonwtoh/^ 
capocially XTates XX. and X X took the liberty some months ago 
of suggesting this to the Ooxnmitteo on Bolar XTxyBies, and X take 
the piesent oppoitunity of repeating my confldenae In im value 

(Signed) Q.B Ainr. 


Bmkaeifmn a Lcto* from (dis Mov i)f* Ihhimm* 

I prefer tho programme dontamed in the repot t by XTofessors 
Stokes and Stewart to tho more amhitious one of Xb^ofewsor Adams's 
memorial 

It IS far more economical, and, with gomo modifications , might bo 
made much more efieetiye. 

A^ to the second head of iieuf subject, Bote X^hotogmphy, they 
show conclusively (J?ar 8 and 9) that it can only he worked enoOtually 
at an elevated station m India, where a great nhyelclil observatory 
is 0# of the (^uestiom I wwhi only suggest m addition that the 
photohohograph used should be of sufficient apm tore, X pother® 



k iiiif; If i4i Mftitlli Kettiiiigto. hnM mm ihm k mtmly 
riioiigli* TliP iirtt rt wiitit ilitwld m If mquM, to gito plotooi 

likii obtained. Y^t more ^ it Bmtm tomAt^ 

iielo t ). of lbeaji|ietwlii lo tbo Prehmimrj Beprt tlmt the absorption 
litii* I Ilf ttiotallio f niwmwmry with the tfrapemtare (m I undorstaad 
file wciril^h if ttiw lie «o^ |ihotogmm« of solar speotoa might give 
iiiformatitoi of oliaiigoi in the wlar atmosphere. I see from Qtmbk 
I lliiil llio nrlc*o of a I04nrh object glass ig ^01. j if th j 

iii*4riiiiii‘tit wiw to Is* ttml for solar work only its mocmtmg might 
itiwrli sitiifiler awl fhe»|a^r than the tapmtorials mtondod for 
iirriiniio iiiirroiiietir ol»mati«nw. 

11ioflr4t hmi itttdiifles Holar Spi*otrology and that of Terrestrial 
It m^tm tome thatiis inmunesoan lie as eifoctmlly 
followed nut lit Hotith KetmlngUm witn Its pre^sont appliances de- 
it m A|i|a4idif 1 Y. as Inan obserwtoi^eitablwhcKl for the special 
liireo ibitigs, however, occur to tm m clesirable • (1) no 
iib/ofvrr can foittid for the simctral |mrt more competent than 
M I J iW’^fey*^ r, Iwt it wiiukt l«i well If some emmimt chemist were aiso* 
ckl«4 with liitii who would l>t» repmnilble for the purity of the IMios 
wiliiiittlcil to omiitimnlion i fi) m the highest tempeminre employed 
%% ill bf^ olitnltied by tdoiilrie dlirliarges, the currenti which produce 
liny luilaiilo plieiiomeim should tm mewured, for I hate no doubt 
that Isfore long we Ijo able to determine the temperature of 
these diwhiirge^i f*l( It k certain that the highest temperature 
wlikh ran at pretf iit tm frmiuced is that of the spark of an induc- 
iMrimn **eiifthiitf d wllli a fs^yden <smdott8er, Its intensity depimding 
tm llw i|ttiinfiiyof tlw current and the rapidity of the discharge. 
Km I wkli t*i poifii tint that t|«antity cannot he inferred from tne 
b iiglii of till* pparli. IViking two intfuctoria ctpial and ©ciually oic- 
rifeih if we mniieii them eonsecnilvely the current of the pair will 
lietp |i.* etpial to that of one, hut the «|sirk iwic*c as long; if con* 
iicriw mtiiih’^ridly the ciirrmtt will Ih» doubkid» but the spark remain 
llicsttine, This ruin liohls for more than two, and it follows that 
for work m given mmUiy of wire will be most csffectiTc 

wImii divided itilri soft ions jotm4 collat^erally* but each of suffiom^ 
elwtreiriiolivo fsiwer to givo a strong discharge threngh the vapour 
mi wliuu combined with a condenser. My ownlnito* 
iiieiit w« »wle m* At ttiwt It hi4 two secondary ooifsi' ca^ with 
iilsmi ibnm miirt of wire, which with itfiamto prlmarks wtr# Ixcd 
mt a sliiiid Sfi Ibut iboy oonid tit connected in any way i th#ic in 
gatft s|«fks of Irr^ tetirocn glailituin poliite when eicfted by 
fiwrflrifViMf whim fmlitttemi 4*4% &elr currents being a* i“bO0 and 
I !i|i. I aftorwanls »ldiid two othw which dowled the last 
I ttffiini. if li lo tii^ rrgr^h^d that in Dr. Hpottiiwoode’s gigantic 
itiibirtofiiifit the pert Ions wore not kept sepamto, so that they might 
till l» f^ollatorelly* 

, (Signed) T. E. Eowiiom 


#*reiii If A lb nry Al filmiprit ^ to ttm 

Qmmmmt gf ladid* 

Oalctttb^ ITth March 

Y«if letter dated 8I»I I^mbw IW, With Iht iwloied copies of 
Ilcfiorti and Appiwita on wnuicted with the appintoent 

of III# mMf rtiy»i«^mmElae«id lH laboure,, reatdied me tome 
wii% iltici when Iravilling to Bum% and ihavo dotorred my 
repty toti mf retera I# 

iSM. . 


a 
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2 Tiie suTbioot of Sokr EoBoarolt, more epoeblly m agmeiicjii 
With motoorology, m ono m whioh X have long felt miwli iwic^rriif t 
and mj attention has been more partionlarly^diroctod to the qne«iioti 
of the probable variation of the Bun^B radiant !nioniiil.y* In the 
of obtaining bettor evidenoo bearing on ihm (pionilcm ibiin thnl 
afforded by the ordincyry Solar thormomotorB^ I cioinincmowl regtiLif 
observations with IVofoBSor Balfour Btowart’s atd^nometi^r at tlio 
Alipore Observatory, Oalonita, at tlio end of WO. 1'lume liave bocot 
oontnmed np to the present time onalldayson *wluobtlici8iyiHiniot 
mnob obscured by clouds, and T propose as soon as tlic observainnm 
have boon subiooted to a prehmmary nHlnetimi and talmlidiHl t«> 
communicate mem to your uommittoo. Moanwlnlt^ ilio obseri 
will be oontmuod with tbo same mstrnmont 

8, A few months sinw 1 rocoivod from Ibo HotTOtary of Blato iwo 
more instmmonts of similar obaraotor, intended for observation at 
Lob These I am having oompi’od with the aoiinomottT In ust» mi 
Alipore, and they will eventually bo made over to Mr, Ney hlhm^ or 
to such other person as may bo appmiitedto toko the observaticnm lit 
Loh 

4 Meanwhile I may observe that the oxpori once already gidiifHl 
shows that at Oalontto the heating efibet of the sun’s rtwliatimi to 
found to vary considerably on days on wlucdi the sky is toon from 
visible clouds, except in so far as the piVHenen of ddfugwl rloini 
may be inferred fiom the pallor of the sky, and It appears to itn 
that the almost constant presence of this ddl used cloud and has^so w 
an obstaolo to aotinometne observations, whitdi must seriously tloinwd 
from the value of the work at (lalenUiw 

5 Another class of obsorvaiions winch lune bemi recorded ftn* 
the last three years at the Alipore Observatory, and for nearly ii 
year also by Mr# B# A* Bill at Allahabad, iw that of ground tomporifc* 
tares down to a depth of 8 feet 

6* An abstract of the results at Ahpon* up iu March WO iw given 
at page 28 of the Report which I send by book |HWt, and an abSrm^t 
this letter^ up to the end of Janmiry IBHI aecoMpanies 

7, I send a copy ot a Ijaper m whiidi atkmtum is drawn to ionic^ 

ciroumstanoos which evidently affect these ground tenperatnroii. 
It appears to me that while they are of great interest ihm% m 
meteorological point of view, they dopmid mwtdi more on the iilatti 
of the atmosphero than on the radiant intensity of the mm, amt I 
am doub£ul whether they are calculatod to throw tmuh light on tlm 
vanabihiy of the sun. ^ 

8. When despatching the aetinometrto reglstorp, I shall write 
k^t^’ desorlli# the conditions under wnicli iliey have liooti 

(Bignmh IIiiiT Ihmmm* 


‘ a iU Wml qf 

I have been waitmg m the omeotation of receiving ttie fiirthai* 

papws from the Solw? Physios C&mittod whioh It i/m montbiawl 
TOifrd afrerwaras bo eonfi, bat perhaps I shonU »ttt ftra»or delay t«» 

W.W8 sept vMoh I fe,l dispewed to c^Tl attwaon to, that hi that 
of Solar Eadiataoa ; now, so fivr as I can see, Balfour Stwaa>t’a 
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appamtuu oiilytlui luntiacmg rays of iicat, thowo of low 

’'"fe «topp<«lL tt,o glag; iL. 

Now, althouMH ««« ProMom is ossoutiafly tlifforent from that 

mZJ L? ,,oi th!* wiliTm * f H“' W'JI pi'iMitiouUy 

moiiHuro, uol. tli* wnar hoafc which has maotraUxI thmioh our 

atmoHpiioro mor*' *»>* h>gg !iict(>o with wmiwtuJX', »* would ho Um oaso 

thiough gl^. iHking tho inlt'M I uxod for lunar riidmtum and 

tho protKwtioii. «»y, I to H(M>00 for tho boat riwlMit oi and sav 
hO iHT mit. for at, two rolling mirfk.^ ot>oeS«m^ i 
wo ahouhi ^vo jo «^nr« tho ujwrturo from (lldp (oiroular] to 
V ( t *|iti ^ I i inch to «it tfwi«mtHloviniioii of tha na©dk* 

I only rwinrrd tht* »j{»'rturo to //or more, and fowored the maipiet 
towim H tho niM'dlr to rt'aw ftg diret ting force The oxi.oHure k 
given hy Hhghtly tnoviog ,, v»ith the hole in it phS afcTnch 

adwtencolrom the fucog of tho juIoh that tho apot of wudight may 
covertly* th^rimu iha iw*i» r%f - 


oovor thi* wime portion of tlio''rww of‘i*w'irpile‘'OT Tharmwry'hv 
tlio foh'^com*, 'liio offeefc of thiH wiw to BuhHtitnti 


miiollhght IH ' ,7" • < >11 imn W»M WJ BUOMI 

altemawdy ujioii «wh jtifo a gjjot of «k,v eontahung the mm'g dim 
tor a chweiy wltiMteiit gjiot not iioiitaiiiing the disc, all eke 
remamiiig cxmotHiil. 'I ho otperiment k ho glmplo and thow.naretMg 
HO cheap (KW. I«»r a thiinwimH galvanometer, and, { HUpnowi, a 
{Kama or two w.mhl pnivtde tho rret) that t ahould fancy t wwild 
ho worth wiahinwr <i/ mWdww u, that with Htewartk apnaratiw. 

(Higtuxl) ilos»«, 


Wales. 

, , , . , , Hydnej ttlaervatory, a<ith Mureh IHHI. 

1 duly recoivml ymr Icitcr of iWcnihcr aint, IfcHO, together with 
Wie encioMHri»», lor which I am wiy much ohli«>d, Jt will give mu 
thegreatoMt ideamira to lio oh much as oinfMWHtaaccH will permit to 
aHHiHt ni Huch II imoiaiHing twvcHtigatUm a» that in whhth you arc 
engaged, hut will* the vwyiinHdl ulatf at my dkiHmi 1 manot do 
much. W« h«vo a dally wTOthor map to imhloili, a«d regular 
Mituwm from IHM iwtrorologlmd Htatioua, and Mm heavy work 
iuvohwl in twcjmnng a catalogue of aouthem Htars and the 
mcamircmcnl. of ilotihlo stawi. I haw, howwor, all tho iieooHwary 
apmratuH lor phidograplihig tlie Htin on tho Amerioan method, the 
hmal length ot tlio otncist Iww l«.ing Wl feets thk I will gel Ui work. 
1 have nlHo a |ih..M.helit.gmph made for the traiiHit of Vomw, giving 
a picture of ahoiii I liwhre. I can iwo «ith«-, hut from whatl naw 
ot the American tiaimit t*hotogiaplw I am dkpoacd to think that 
the horuiiiitol jihnlohcliograph give* a Hharper imago than tho ou« 
iiMWo hy DaUiiiejfcr tor tlie traiuilthf Vcntig, 

_ I uliall Im very gli.d If yoB vriU advto mo which m Mm hotter 
iiwtriiment for y inir iNrjK^ X» will h& m oaay m^tw for mo to 
get tho iJallinoyep iitmtiihrltefiwiih altered »o a* to makn the 
photograph H iwhea tniitcad of 4 an at iirewtnt. 1 will alio obtain, 
«wi WHiit UH i aiwiw Mill ntttkiir, ono of mihanor Jdalfmir Btewartk 
tMdmomuteiu for who Imw. 

May I wk yoa Iw tvU Mio aUBmfoetBrer to oond mo a copy of hk 

PWO tttlti * 
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I liave one meteorological atation at an altitude of 4,600 feet, and 

may be able to make use of It ^ ^ EussEW.. 


From Mr Oha/rhs Ompmael^ the S'mer%ntendent, Meteorological 
Oj^, Toronto, vcmada. 

Meterologioal Office, Toronto, Canada, 
March 30th, lb81 

I re^et that pressure of work has prevented my yet giving full 
consideration to your letter of the 31st Dceoember 1880, relative to 
observations in connexion with solar physios or to the accompany- 

Ef endeavor to aid as far as possible in the work so far as the 
instrumental appliances at my command will admit of I shouia 
also like to take the actinometrio observations at this observatory, 
although they would not be as useful as those taken at great eleva- 
tions, and I have decided, if the price of the instrument is not boyona 
my means, to purchase one for the uso of the observatory 
I very much regret that I have not a telescope here to enable mo 
to prostate the spectroscopic observations in which I have never 
lost my mterst, and which I hope yet some day to bo able to take up 

am sorry to say that Captain Ashe, of Quebec, has for somo 
years past ceased to take solar photographs, so that, So far as I am 
aware, no observations are being taken of the sunspots within the 

Dominion of Canada .v ^ ^ 

(Signed) Oeahles Cabpmaeu 


From Dr T Ewm, Vierma [undated, hui 'received on Uh A^jgril 1881]« 

TeANSIiATION 

k k Central-Anstalt fur Meteorologio 
und JErdmagnetismus 

I beg to express my sinoorest thanks for the receipt of the publica- 
tions of the Solar Physios Committee, which I read with the greatest 
interest and satisfaction In the present position of meteorology 
any investigations on the variations of the radiant energy of the sun 
are of the highest importance for th© progress of this soienco 
Unfortunately I am not at present in a position to take any dir<^t 
part in these investigations, bnt I shall at least endeavour for the 
future to promote them m our own observatory. Oontinuous pboto- 
registiratiOn of the variations in the three elements of tile magnetism 
of the earth, and the hourly reoordmg of the value of the same at the 
observatory here, may for the |mesent be taken as an indireot assist- 
ance to ihe researches on the relation between the variations m the 
condition of the sun and the variabtons in the physical condition of 
the earth’s surface If I may be allowed bo express an opinion how 
the question of the variations in the intensity of the sun’s radiation 
on the surface of the earth can perhaps m an indirect way be brought 
nearer to a solution, 1 would recommmd that observations be taken 
of the temperature of the earth in In^a, especially m the driest part 
of the N W Provinces, or of the Pnnjab, where the penetration of 
meteoric yrater will have httle influence on the ground temperatui o, 
and wh^e the oonditionB of the population are most favourable 
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Ii©!i itt ii|ip®aw to pmtimlmlj feTowable conditions 

for snob 

(Signed) Dm. ® Mim. 


Fmm Fm/mof Nmmv^» 

Naniictol Almanac Office, Naw Bepartmont, 
Wimlmigton, I) 0*, I5tk April 1881 
I lift?a tlt«> lioiioitr to nwoipi of yonr communication, 

eirctiliir, »i**i nf Diwmimt JUst last, and of papers smco for- 

wardfid hy tlm of tim Molar Wijsioi (Jommittee 

My Icing cit^ky iti roptyiiig has arisen flrom tlie fact tliatl hare 
gif fill fill to tlic snlijcct as to form an opinion 

worthy of ti|»|*rrrmlilt^ weight . I may, howcfcr, he permitted to offer 
ifcsnigto nif hough li U one ^\hieh cannot have tsoapod 

the 0 imtd«h"int|oii t^f your t *oinmlttoe. 

In flow the iiicfe that olHcwvatories especially devoted to 
astroiioniic**^l filiy^irn and ohsorvationi of the sun already exist near 
Ikri« and Ih^iliii, mlarh olMcrvaiorles may he assumed to give 
rwiriis nil m »uy that ran he ohirfemed In the tinffi.Ton»hlo 

climate «*f Kurcip, It wowld «ccm that the most promising 

dtrcetlon wiiioh new activities could now take, would he that to- 
wards 01*1 fit dialling mu oteTvatory In a superior edimate, and in a 
longitudti di^laitt m |iossihto from oli«iwvatoric‘« now in activity* 
I would o#|U^lnlly eall your attention to a paper by Mr* 8 . th 
fiiMigleyt iiro^etitod lo I lie Frtmeh Academy of Science on the2Jst 
ulUitto, in m tihdi he tdinws that the acccpttHl determination of the 
amounts of mthir ettomy leccivedhy the earth arc largely In error 
from tho lilVrl of iilitiosphcrio ahsorpiiotn To malko any retd 
advance in thk and »imdar dln*clbii» it is necessary to have a situa- 
tion at fitrist oloviitcd powilhm and in the most transparent 
idmospln^w prac^licaldc, .... 

(Higncc!) Simon Newcomb. 


Fmm Oharmim^tj, Ztkhmh 

Tnmumm 

Blsbon, 1^ /uiii Iffit 

I am akiitl to a tanty r«fdy to your intereittn^ Itttor of the 
fliil licomtitor iiviii which I have not»<amiir®imwwdinceiwtqu«tco 
of gfi^t ttrcainifc of Imslnwis, the wuttiie work of ihli observatoryi 
wlik'li flcprlvcs III# of atl my tlmCi and also on ac^cmint of the had 
itato of health ditrlng tno early monthi of this yew. for dds 
iicgh^t I ftifist your imtwlgimc4% 

(rt till* ir^l I cowgmtulato you on the groat stop which yon 
and tithf*r ^Urtitlfic m%m of your great eonntiy have «en for toe 
ailfaiiriifm*fil of Molar t%yiit 0 S* I think that tant mo«Tiiir txperl.* 
mento m% Emmki^n wdl wlmn^ this hoautiftil leltnce hy 

emwiKh <»» tb# obW points mtBtlonftd iayow 
with frf«*K«rt‘ ti» thw «*M«Btion and pnWtoalton of sunspots, I 



Latterly I have found a groat number of tboRo negatives ni a rmy 
bad state, for I bad tbo bad habit of omplojmg bichloride nf 
mere ary to stiengthon them 

ISTotwitlistanding, 1 behove I may Htdl have sotno do7.0Tis of platoB 
which may not be tomid in your collections, and ihoHo 1 hasten to 
plaoo at the disposal oi the Oommittoe 1 desired to eoutinuo these 
observations ot solar spots, but BUice t have seen M Jaiisseids 
work at Moudon I am much in doubt as to its being worth the 
trouble to take pictures as 1 did m toiiner yc'ars 

N'ovortheless, I purpose taking them again in duly or August 
next 

There is anothoi subject which has a elosc coiinc\ion with sun- 
spots This obsorvaboiy possesses a set of inagnotomctors similar 
to that at Kow, which has boon lu action siiioo Juno 186t1 The 
results have boon published at difforont lutorvals, for tho dechua- 
tiou up to tho end of 1871, for tho total force, incdmation and 
horizontal and vertical oomponouts up to lH(f8, and there are now in 
the pie&s these same elemonts up to t87iil, 

III the research for peiturhations wo have followed (Jcncral 
Sabine’s method Wo have found serious difficulties with tho bifilar 
and the vortical With these two nmtrumtmts this method induces 
an error in the number and fioquonoy of tho perturbations, principally 
m tho vertical 

These two instrumonts very often chaugo tho position of equili- 
brium aftoi strong perturbations. The oo-of!iciont of tomporatur«'» 
not being exactly known, there is always a variation from the nonuftl 
valuo at end of each month, duo to the differeiK»o of temperature* 
All these causes falsify tho results, when one cm ploys the mottod 
of comparison botwoon the valucH of each hour and tho normal 
average of tho month. 

It is neoGSsary to soloot and extract the pertarbabions, not directly 
from tho hourly values, bub from tho dmrnal partial variations of* 
each day, compared with tho average diurnal variation of each 
month Tho work is somewhat longer, but tho results are surer 
and more exact ¥oi this and other ipiostionH which relate to 
those obsorvatiouB it is most nccossaiT that directors of estaldish- 
ments possessing magnetomoters should agroi^ fogothcr in order io 
employ the same method m thoir rescan lu^s, deiomination of con# 
slants, groatiiesa of poHurbations, 4c , in order that then resulte 
may ho oompaiablo. 

As to aotmomotnc observations, we have uHt»d M Maxic JDavy’n 
acbiuomotor since 1877. b^or more dchoato resc^irohes to sweertom 
tho valuo of tho change of tho actmxo power of the sun it would 
necessary to have a very long series of oliwcrvatimis, always niakinjg 
use of tho same lusiramcnfe. M. Marie Davy’s aotuxameter, like* all 
mercurial thermometers unooaamgly exposed to the sun’s rays, i» 
often put out of working order on account of tho mercury, whieli xii 
the long run fouls the tubes, and by bubbles of air which intor|)o0e 
themsolvos m the column of mercury. The scries foeeoinos valuolcsn 
when one instrument is substituted ior another, 

T once more Con»aMato you that* assisted by truly soiontific mexit 
you arc making the science of Solar Thysics and its relations to 
meteorology and the physical globe advance with giant steidos. 

(Signed) J, OAritno. 
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Will* I •cnwrttftent, 
t(f iIm) HiKUHl OftlciTj 
Witt-hiu^Um t/ity, 

“> , . N«vi>n»liw!)Jli, Ml. 

V'liH %Al(i.>a n'ltiHtniiu'ufi.Hi «*l' DiwmliwiUht, MO, «w yon 

li.’ .liii.Hj, !) iin.il, tliutiiyh smw i»i -htip liultMl turwh »«., l)ut, 
»*llt llii> iniH.wttn>w, li«K Iwcii kimilyfor- 

iifiiwl iiiwl r *i 

Will Irt* Ills'll hI ti» Inifsti tliiit; ilw uf liiW 

Ih iiif III «il‘ ftimiiitiwitil tmportfwrti 
( Ifili# rfilngi » atnl I liiirl m A|«tl Imt takm 

nt lyu ' ♦if fliM lilt i| iitrirmni ui .uil«r hunfe ffi'invinl 

I mtlli, '^*4 fti tlii I Silt PitilHMifH, I*. l4iits(l«y has <liitnii‘f 
I* 1*14, siiiiitiij*r HwitiwiI ill* Mtmni Whtitwy* Oal„ 

hill »#4f all ftH4ii44*«it #4i'r KJHK^ tVH, tniwi|' iiii|H>rtiajii olwiTVii** 
utv jiHsmuif, «if whirl i f cm will, of mirw‘, 

'f iMf" will II pihli *li» ft fill* { Hliro* 

^fhi, !(, «f ,iil itf oifii ati4 ^fthil riitltfhiim w iiliailKing 

fi r Ihr H«»ii of Viollr’H Ikiiyw^rho Biillm imd 

4tir Thortiti«m*|oiM n>t, it. tittiahor of Bifftmi 

Miso^ Htcilimi , fkstrr olMorviit loiw of fctfWiclanl 

ti*o llffimi wilt, ofrcmr-ai la*iitnctfH Olwrmitioiw uf 
i« t4tr 4iiMOii4rt for thi^* Olltnt h) IVtrfWf^^or It l\ ^hnUl^ 
>4W o« Aftih»4 4* SLii H i 4mll hi tmvo cismliuhml cm 

i y*4imi iiiiihn III ilio o tcf Miimpim miti will hr 

|hr 4uoi }fni iiuv malto If firtwiiourltit^ J 

OH i|f^» l»t hhm rtf ttiiualwiriiiiK af4rrlrH of dmly 

i»l' III* oorfust, ttitlosH mflo«| amir oHior of ycnit 
till I, I mi I ifi4| hiHo wlmnly tioilrrliikmi t hk work. 

Willi 1*1 011 liif||i nmwoh 

I mo, *1*1, 

J f’ II Um\ 

Hi mttl Bvt Miy. (kml, 

cnurrHiMiiiiUimctr, ILH.4. 

I 4|fr* ,»rr If, th l^t‘4l , 

liiowHilwt All l^wiiliititiih 

Hcoilti Knglttfiti 
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I,__l»R()(jEKI)INas OF THE COMMITTEE. 


1. InIUODUCTOKI!. 

At the wuiinent'cment of tho poruKl with which the pre- 
itoiit Kcptti t »h*!il«, Dtwmbor 1883, the Solar Physics Oom- 
laittoc WiW const it tiU'd ns follows. — 

ProfcHxor <i. (L Ktokos, Boci-etary R.B. 

Professor Balfour Rtowart, F.RB. 

Mr. VV. 11. M. Ohristie, Astuniomor Royal, FR.S 
Mr. Norman Lockyor, F. 118. 

Lieut .-(hjHorul Htuichoy, ICE., F.R.S. 

(h»l. Donnelly, ICE 
ihipt. Almcy, ICE., F.ICH. 

HubKenuoutly. in dnly 1885, the following were added* — 
Proh'ssnr J. ( b Adams. F.li 8. 

Professor IC“V. Dr. Pritchard, F.R.S. 

Riw. .1. H. Perry, F.ICS, 

In Novemhw 1887 Professor Stokes retired from the 
Committee on tiis ehsjtion ns a member of Parliament, and 
in tile February following occurred the <Ioath of Professor 
Iklfotir HtewarC 

Tlw t'oininittoo expressod to Profiwor Stokes tb© extreme 
it*gret with which they hinl loanietl his decision to retire, sad 
tiiey re<?i»f<h»d their imjHS‘«*iation of the great value of the 
iwistaneo which he had mo readily and gonerously woorded to 
them. 

Dll hi‘iug iBformed of the doatli of Profaisor Balfour 
Stewart, tlur Commiitt'o riHJordod their ouinion of the great 
loM which sciem*e hiiM wistidued by tho death of ^one whoso 
it'scarches havi* Iw'en among those on which tho acienoe of 
Solar Physics has been based. „ , 

Profmor 0. H. Darwin, F.R.S., and Mr. U. Bknford, 
F.E.S., luiving been invited to join tho Oommittoo, took 
their stuits at uio iiuHitiug held on tho 0th March 1880. 



Since the date of the last report, November 1884, the 
Committee have had 15 formal meetings, and 61 since their 
appointment m 1879 In addition to the discussions carried 
on at the meetings, several membeis of the Committee 
have undertaken and earned out special blanches of inquiry, 
to which reference will subsequently be made 

III accordance with the anangements made on the appoint- 
ment of the Committee, Mr Lockyer has continued in 
charge of the observational and experimental work carried 
on at South Kensington 

The Committee have been in fiequent correspondence 
with the Indian Government and with British and foieign 
men of science interested in Solar Physios 

la then fiist Repoit the Committee included a biief 
review of the state of knowledge of Solai Phenomena at 
that time, and of the steps being taken in this and othei 
countries to increase it Although this geneial statement 
was- then thought desiiable, as explanatory of the objects 
which the Committee had been foimed to fuither, there 
aie obvious reasons why a body constituted as it is should 
not appear to assume a position of authority in treating of 
the many questions that anse in connexion with Solar 
Physics, and they theiefoie do not piopose to continue the 
pubhcation of such a leview as that above lefeiied to 

The more important subjects that have come under the 
consideration of the Committee since then last lepoit was 
prepared will he briefly stated 

2. Total Eclipses of the Sun 
Eclipse of 1883 

Mr.' Lockyer, on behalf of the Committee, entered into 
communication with the Royal Society Eclipse Committee, 
and the arrangements agreed to were i eported at the 43rd 
meeting. These will be found m detail in Appendix No I. 

^Eclipse (?/'lS86. 

In the edfose expedition to the West Indies in 1886, 
organised by the Royal Society, the Solar Physics Committee 
was represented^y Mx l-ockyer. The mstruments employed 
by him were • — 

(1.) A c6ronogra|^, consisting of a long wooden camera 
fitted with a 6-in Henry photograpMo object glass, 
and mounted'^on the head of his own 64n, equa- 
torial, ^ 



(2 ) Dallmeyer photoheliogiapli with 4 in photographic 
ohjeci glass belonging to the Greenwich Observa- 
tory, 

Mr Xjockyer was stationed at Grenada, but he wuvs 
imfortia-i^ately prevented from making observations by the 
unfavotxrable state of the weather 

A cowimunication fiom Professor Tacchim lelativeto the 
obsenr^si'^lotis that it was desirable to make will be found m 
Apper3i<3i^ II 

Eclipse 1887 

No special measines weie deemed lequisite in connexion 
with tlTiis eclipse, it having been understood that all needful 
steps would be taken by the Russian astionomeis 

3 SoJtiAK Photogkapiis and Tabulation ob their 

Results 

A oiemoiandum was piesented by Professoi Balfour 
Stew£iui."t. m March 1883 on the woik necessary to complete 
the lOi^oid of sun pictmes up to the end of the yeai 1887 
The Ooinmittee weie of opinion that this is a very valuable 
and nooesaary investigation foi the advancement ol oui 
knovvl€*<dgo of Solai Ph 3 sics and they lequested the Astio- 
nomer Royal and Professoi Balfoui Stevvait to considei 
and ropoit on the above memoiandum, and geneially on the 
best mothod of tabulating sun-spot data (see Ajipendix 
No III.)« The suggestions made in this lepoit weie adopted 
by the Committee 

A letter from Professoi Stewait relative to the pioposed 
methcxi of recording daily information regaidmg sun spots, 
togetlxer with the observations of the Astionomer Royal and 
of ProJEessor Stokes thereon having been considered, the 
Committee resolved thnt the rejection of spots near the limb 
was not desirable, and that it was expedient that the daily 
sums of projected areas should be given as well as those 
correoted foi foieshortening. 

In view of the presumed superiority of the 8-inch photo- 
graphis of the sun over the A^noh, it was resolved that the 
Indmn Government be requested to revert to the 84nch 
photographs, 12-inch photographs m addition being taken 
when 1:110 atmosphere is particularly clear, and that stepa he 
taken to induce the Directors of Observatories possessing 
photolxeHographs on the Greenwich pattern to have them 
adapted to take 8-mch pictmes 

In x*eply to a.11 inquiry by Oolouel Haig> B< E , relatrvo to 
silver and oyanotype prints of Indian photographs, and a 
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desiic to know whethei the latici will anBwei. the purpose of 
the Committeo, lie was informod that the subBtitution of the 
cyanotype for the silver printB hithoito sent would bieak the 
seues, and that, therefore, unless ho m paiticularly anxious 
to do so, the Oommittee would prefoi not to make the 
change 

At the 52nd meeting, February 1886, Mr. Lockyor 
reported that all the Indian photographs, up to the date 
from which the work was taken up nt Greenwich, had been 
reduced, the reduotious to 1st Jauuaiy 1881 bcmg ready 
for press He suggcbted that the copy Bhoiild bo sent to 
Gieenwioh foi exaniinatiou This was agreed to. 

At the following meeting, A.pnl 1886, the following 
arrangement was discussed and adopted by the Oom- 
mitteo . — 

1 The aieas and positions of all spots and facute on 

pliotogiapliB obtained by the Committee, whet her 
loi past or ouiieni dates, to ho deteimiued by the 
Astionomei Royal, foi each day on which there is 
no Kew or Greenwich photograph, to supplement 
the Giconwich scries, which has been accepted as 
the standard senes by the Committee 

2 The photographs obtained by the Committee to bo 

examined, and the best photograph for each blank 
day at Kew or Oiccmwich to be sent to Greenwich 
for reduction, m soon as possible after tbeir 
leception 

3. The reduction for back periods to be undertaken as 

soon as the piossuro of work caused by the recent 
mfiximum o£ sun spots becomes less. It will pro- 
bably be Biiftioiout to limit those reductions to the 
deteimmatioii of areas for each day, together 
with the approximate posiiiouB of such apots m 
have not been measured on the Kew or Green- 
wich photographs 

4. The tabulated lesults fiom all phott^raphe from 1885 

inclusive, to be printed in »e Greenwich Obser- 
vations,” and, 1 # (Ji^ired, a numbmr of septiaio 
copies, say 60, te be struck off for distriWtion 
bythe.Bolar Physu^ Oomraittee as part of their 
publications^ The results from photographs 
previous to 1878 to be printed as to Appendix 
to the Greenwich Observations,” and a number 
of sepaiate copies to be strands: off for distribution 
by the Solar Physics Committee the jonit origin 
. and nature of the work being stated* 
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5 To facilitate woik on spot spectra and discussions 

otliei tliaii those ot area and position of spots, the 
prooiB of Circonwieh Photograpluc Results” 
£is soon «« received to be sent to South 
iCensington, anti also when xequired the Green- 
wich numbering of the spots observed at South 
Kensington. 

6 AlbOj when f rciiiiirctl, negatives to be exchanged 

liotwcon fcjoutli IvcnKington and Greenwich so as 
to ioiixi ii fOt'ond SCI ICS in the Science Museum 
{IS a safeguard against loss by liie or otherwise 

Mr Lockyci wjia r<'<iucstO(Ho prepare a specimen of the 
plate anti ncconipanying data which he proposed to 
publish eniliodyingthe vai ions information collected 
{it tliffci ent, obsci vatoues , also to obtain an estimate 
of the ctist of preparation and of reproduction. 

Ml Ltickyci reported that it bad become necessary to 
leadjust the slit ol' the Pliofohcliogiapli and the cross wires, 
and lequeistcd authoiity to ask Mr Dullmeyei to do this, 
also to prtivido a ttsrtuwp^’ niagmtier, at an estimated cost of 
15/, to tost the possibility of obtaining Luge pbotogiaphs ot 
the sun spots in this niaimor. 

4 . SoLA-R b5i*iwriios«oi*io Obsekva-tions. 

In Februaiy 1HK6 Mr. Lockyoi lopoited that 700 obsei 
vations of spot spoctni hsul been uiado and 200 finally re- 
duced. The Comtnitfeo directed that the observations 
should bo printed and oirculalod together with the necessary 
maps. 

Mr. Perry was invited to prepare his observationa on the 
specha of sun spots l>otw<‘on D and B in the same form 
as Mr Lookjor’s oWervtttionw in order that they may he 
published, together. 

Ml Tiockyer rciKirfed that the spectroscope which had 
been lent hy the Indian (Jovemnicnt bad been recalled, and 
that the eontuiencoinent of a silries of obscivations taken 
under new conditions was thereby necessitated A spectro- 
ecope would bo roipnred. 

A communication was directed to be made to the India 
Office sxiggesting that «pt‘Ctr08C0pic observations of sun 
spots should ho und('rtnkfn at the Elphinstone College at 
Bombay with the inatnlinonts which had recently been 
provided for that inatitation. 
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5 Peofbssob Eoscoe’s Aotinometeb 

A suggestion having been made that the actinometer of 
this pattern, whicti was in the posHOSsion of the Soieuoe and 
Art Department, might be tried at L^, inquiry was made of 
Mr Blanford, the Director oi the Indian Meteorological 
Depaitment, which lesulted in the pioposal being dropped 
as airangements for a continuouH record could not bo 
seemed 

6 PEOFESSOE BaLFOUE SxBWAET’a Aotinombteh 

The results of observations diu-ing the years 1884 and 
1885 made at Ld with this instrument weie communicated 
to the Committee, and a note on the subject by Piofossor 
B Stewart was submitted by him 

It was reported that endeavours would bo made to secuio 
the continuance of observations with this instrument in 
India 

7 Connexion between Soi.ae Vaejability ane 

Teeebstbiae Phenomena 

Professor B Stewart submitted a paper on a comparison 
between sun-spot variability and terrestrial magnetic decli- 
nation mequalities of short period between 24 and 26 days, 
which has since been printed in the Proceedings of the Eoyal 
Society 

In reply to a lequest of the Committee, the Meteorological 
Council stated that they were not m a position to undertake 
an inquiry into the connexion between solar variability and 
terrestnal meteorology, which they thought might be bettei 
carried out in India, and they suggested that the co-opera- 
tion of the Indian Meteorological Department might be 
invited. They likewise stated their opinion that there was 
no mstrument at present suited for obtaining regular records 
of solar radiation by ordinary observers, such as those on 
whom the Council had to rely 

Professor Darwm, Mr. Blanford, and Captain Abney were 
requested to consider whetber any instrument could be found 
oi contrived which would supply a more simple and effectual 
means of observing the sun’s heat than the ordinary radia- 
tion instruments hitherto employed. 

8 Inteenational Oo-oPBEAtiON IN SxiN Obseetations 

Mr. Lockyer having undertaken, with the apptoval of the 
Committee, to confer with the directors of the principal 
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Ht»}»r ObnwvattnwM in Italy aiwl Francfl on the method of 
ohserviition nml record of Holm* |ilu‘nouicjia, iiresented a 
Ri'jwrt on the *»uhjeet whieU will he found in Ajjpendix IV. 

On eoiinitleiittiou of M. JaunKcnV recominondutions (which 
will be found in hn letter nnnexod to Mr. LockyorV Report), 
it WH't avolved that Ids aiiggeation** were of auch high 
value and pnu'tical character that they uhould he atscepted 
m indicating the moat auitnhle eotirae tt) Im follinvcd for 
the furtliei* |H’oaecutic«i of the study of Holar PhyaieB. 

It wed also reiwdvHl that the firct etep alumld he the for- 
mation of a jm'liininary Internatituiid ()onunittet( on organi- 
Kition, and the ('oininittee exprceai'd a hopt( that the Hcienco 
iHul Art department woidd obtain the uect'SHiiry approval 
of Her MttjertyV tlovernmcnt. The ('ommittee, however, 
thought ildeeirahUs tlret, to tihtain the opinion of the Pro- 
anlent and Council of tho lioyid Kociety on theac propowida, 
whiiilt in their ewtltiiation were of the highcBt eciontifio 
importance. 

thi na*eipt of the reply of the Royal H«<*iely, which was 
ftivouriihie to the eontemplattnl uetioii, tho Science and Art 
Hepiirtinenf wa» iwincHtetl to invite the undcr-mentionod 
men id' wdema* engaged in Solar nwareh to meet in I^ondon 
in Older to confer with the Committee on Solar Physios 
with regard to the co-oj»er»tion of ohiervers in all parts of 
the worW in Solar rtiaearch, and to eonsidci* the particular 
proijoral* nmide by Dr. tlaiMsou 

Ihr. Bredtohitt. 

Dr. De b Eue, F.R.S. 

hr. ITuggitis, F.R.H, 

Dr. daaiiwi. 

Profeaaor Koiikoly. 

Rev. a .r. Perry, RE.S. 

Profeswir E, 0. Pickering. 

Profwsor Respighi. 

Profoisor Kicco. 

Dr. A. Solmstor, 

Profesiior Hjihrer. 

Professor Struve, or hi# delegate. 

Pmfoiwor Tacohini. 

Dr. 'IThollon. 

Dr. Tr6|»ied. 

Dr. H. E. Vogel. 

Professor Wolf 

Profensor C. A. Young. 
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In reply to this request the Committee received the 
following extiact from a Mmuto of the Department . — 

“My Lords consider the report of the Solar l-*hysics 
Committtoo of November 1882, together with their recom- 
mendation of the 19th Decembci with regard to the esta- 
blishment of an organisation foi piomoting mo study of Solar 
Physics by International Oo-oporation 

“ With this recommendation my Lords entirely concur and 
are prepared to issue the necessary invitations to the persons 
named at such time as the Solar Physios Committee may 
deem desirable 

" My Lords understand that the recommendations of the 
Solar Physics Committee contained in their last report are 
* being cained out as far as the moans at the tliaposal of the 
Department permit. It would appear that the time has 
arnved when, whatever may be the outcome of the negotia- 
tions with foreign observers, a rcoiganisation of the functions 
of tlio Solai Physics Committee is called for Tho nooessity 
for, and tho lines on which, future work should be conducted 
having now been so clearly laid down by the valuable laboiiis 
of tho Committee, their services m future will be required 
more m supervision and consultation than in initiation and 
duection. And my Lords have arranged tho future appro- 
priation of the grant for Solar Physics m tho next financial 
year with this view with tho Lords Commissioners of Her 
M^esty’s Treasury. 

“ While thanking the Members of tho Committee for their 
past services, my Lords trust they may still count on their 
valuable assistance in the future. They propose to add Mr. 
Wairen De la Kue, F.R S , D C.L., LL D, Mr. W. Huggins, 
F.R S., LL.D., and the Rev. S J. Perry, F.R 8, to the 
Committee, with Profosaoi Stokes, Sec R8., D.O.L., LL.D , 
as Chaiiman ’ 

Lottcis weic acooidingly written to tho gentlemen above- 
named, inquiring whether, in the event of invitations being 
issued to a confeience in Londofi, it would be convenient for 
them to attend Tho replies to this inquiry will be found 
in Appendix No V They showed that it would bo very 
difficult to hold the su^csted conference, and the idea was 
abandoned, at any rate ror a time. 

It was, however, resolved that a further communication 
should be made to the directors Of the ohief solar obsor- 
vatoiies explanatory of the news of the Omnniittee on the 
subject of mtemational co-operation in the preparation and 
publication of solar observations. A oc^ of this communi- 
cation will be found in App^dix No. "VI. 
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9 Si'-A.TtJS OF THE Committee. 

At the 55th inoeting of the Committee, held on 17th 
January 1887, ColoxieX Donnelly communicated the follow- 
ing extiact from ^ letter received fiom Her Majesty’s 
Treasury and dated. 14:th eTsxnuary 1887 — 

They (their X-iOrdships of the Treasury) must also 
adhere to their deoision to remove the grant to the Com- 
mittee on Solar Physics from this Estimate, reserving for 
fuitlier consideration the question whethei it may be 
continued in some other forin.’^ 

The Committee having heen invited to state then opinion 
as to the contmu^tnee or nbolition of the Committee, pre- 
pared the following memorandum — 

In leply to the invitation of the Loids of the Committee 
of Council on Eclxication to express oui (mmion on the 
proposed abolition of the Committee on Solar Physics, 
several members of this Committee have alieady shown 
their Lordships how* seriourf a loss to the pi ogress of science 
would be the cessation of the investigations and of the 
collection and disousBioii of data now earned on by the 
Committee They have also pointed out that, so far as they 
are aware, there in no other body in the countiy in a 
position to take up this luxe of inquiry, which, in the opinion 
of so many men oX science, has so important a bearing, not 
only on the advaneement of abstiact science, but also on 
the elucidation of ii:xduetrial and commercial questions of the 
highest importanoo. The Secretary of the Science and Art 
Department has now infox'med the Solai Physics Committee 
that the Lords Oomniissioners of Her Majesty’s Tieasury 
have determined to remove the grant to the Ooramitiee 
from the Estimsrlses of that Department, reserving for 
further consideration tHe question whether it may not 
be continued m som.e ofher form 

With reference to the question which it is stated is to 
be reserved for farther consideration, the Solar Physios 
Committee feel thLat it is right that they should point out 
that any break lo the contimiity the work which they 
have been organising and conducting during the last nine 
years will be most clotiimental to the cause of science It 
would, moreover, irender comparatively useless much of the 
work which has 'been ali*eady done, and the money which 
has been hitherto spent. 

The efforts of tlxe Committee have been chiefly directed 
to securing daily syatomatic and continuous records of solar 
phenomena of ev^ry kind ; of endeavouring to systematize 
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the work so as to ensure the greatest economy of time and 
labour , and of trying new and improved methods of obser- 
vation One of the main difficulties with which they have 
had to contend in endeavoming to utilise former work^ 
earned on by different individuals at different places dunng 
the last halt century, has been the existence of such gaps 
as would again follow if any hi'eak of continuity in the 
systematic observations established through the action of the 
Committee were now to be permitted. 

They cannot too strongly insist upon the point that the 
ohi6T value of such observations as those upon which they 
have been asked to advise lies in their absolute continuity. 

At present, in consequence of the organfsation which has 
been established, daily sjstematic observations of the sun's 
surface are practically secured by the co-operation of the 
Indian, Australian, and Mauritius Governments, photographs 
fiom one or other of these stations filling up the gaps in the 
Greenwich senes And considerable progress has been 
made in devising a satisfactory method of obtaining photo- 
graphs of sun-spots on a large scale with fiducial lines. 

The daily systematic observation of the spectra of sun- 
spots has also been seem eel, and already the results obtained 
from 700 sun-spot obseivations have indicated the extreme 
importance of this work. 

The daily systematic observation of the prominences has 
not yet been added to the foregoing, but the Committee are 
at the present time m communication with the directors of 
various observatories, colonial and foreign, in all parts 
of the world, on this subject, and they were not without 
hope that before very long this also might have been 
added to the general record available for discussion by the 
Committee 

The Committee wish it also to be clearly understood that 
the chief object it has had in view in endeavouring to get a 
complete record of all phenomena is to obtain from them the 
information which may be of value either from the point of 
view of pure science, or of the application of science to the 
welfaie of mankind. It jnay not be unnecessary, therefore, 
to pomt out that even supposing other organizations could 
obtain these complete records, and could reduce them in the 
usual manner, even then one of the chief functions of the 
Committee would still not have been fulfilled. Any of the 
so-called reductions ” of the observations have for their 
object merely the setting out of the observations themselves 
in their best form^ biit what is required is to know what 
the observations teach us, and how the facts thus acquired 
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may b(* ittiHsed in furtWr in«iniries, or for practical 
purposes. 

The Coi*»*»iitoo lmv 0 already reeured complete photo- 
gi-apliie nKS<»rds of tho mn'v, aurfaco from the year 1881 to 
Bie present time, wd they have already l)ogun work in 
t«'Voral direct ions with it view of ascertaining what increase 
of our knowledge we may hope to oljtain from them. The 
Committee have arranged with the Astronomer lloyal that 
the measurt'ment and rechietion of the solar photographs 
should bo inndo at (iieonwioli. 

On the win (he unit of change, so to sjwak, is not a day 
or a year ac with us, hni it is a period of about 1 1 years. 
The full meaning ot vaeh cycle of 11 years cannot bo 
gras^wd uiih‘»»H the observatitma lu-o practically continuous, 
and it would lie an iiiiseientifio mode of procedure to 
assume thnt every eyclo is like every other— indeed we 
know that tliis Is not »o. A break now, therefore, in 
observntiom* of tla* present cycle wouhl not only [irovont 
us from urciiring complete olwcrvatioiw of it, but would 
react dotriinmtaily on our knowledge of all the others, 
because our |H>wvr of comparing one eyolo with another 
would ho lost. 

{'’urther, our present knowledge lewis us to se(> that if wo 
content oursidves with observations of the spotted area alone 
wc may bf* discarding branelies of work which from some 
points of vi« w are of higher importance. No study of the 
spotted ar»*it alone, for instance, would have demonstrated 
the remiirkuhle elwinge in the temperature of the lower strata 
of tlie HoI«r atuimphoro winch lias been revealed by the 
apeetroseojiio olwervation of Imth S{TOt8 and prominences, and 
it may Ih‘ that in a not distant future wo may find these 
indieationa of vmying lemiieniture to be most importimt 
from a prmetical point of triew. Hearing thk in mind it is 
needful for its to point out that as a matter of fact the 
experimental study of the solar anectrum from the point of 
view of tlw* or^n ot the Fraunhofer lines and their appear- 
ance in vnrious solar phenomena is not being carried on 
anywhere rise but at Kensington,, 

In whftt has gone lieforo wo have endeavoured to show 

» • j t I'll,.,*!! 




taken by the Committee should in future be done otherwise 
than in connexion with the Science and Art Department 

The work has already entailed much correspondence and 
arrangements with Colonial and other Governments, which 
indeed have already voted sums foi the purpose of assisting 
the work of the Committee by utilising favour able local 
conditions On this account alone a close connexion between 
the inquiries m Solar Physics and a Government l^epart 
ment is clearly essential Furthei, the work which the 
Committee hate done with the sum allotted to tlicin and 
with practically no capital cxjicnditure either foi buildings, 
01 instruments, has been possible only bocauso they have 
been enabled to avail themselves of the icsourccs afforded by 
the Science and Ait Department and the Science School at 
South Kensington 

Physical and chemical laboiatories, complete electric 
installations, telescopes, trained photographers, organisation 
for correspondence, assistance in perfoiming the various 
experiments which the Committee has controlled, all these 
exist ahoady at South Kensington for other pui poses and 
must oonrmue to exist, and they have been made available 
and utilised w ithout any expense 'I'lie Committee think it 
only light to point ouv that if the work is to bo continued at 
all arrangements at least as complete as those existing at 
South Kensington will he essential for the proper conduct of 
it, and that these will necessarily entail a large initial and 
yearly expenditure. 

The Committee would lemliid the Government that tho 
question which was pressed upon the latter by tho Duke of 
Devonshire’s Commission and the memorial of scientific men 
in 1SY7 was the establishment of a physical observatory 
similar to those erected by the German and French Govern- 
ments. It was, however, thought by the Science and Ait 
Department that the various means and appliances for 
investigation which at present exist in connexion with the 
Science ^hools were of such great value, and could liy 
proper management he so well utilised, that only small aid 
would he needed to render Jbhem thoroughly efScient for tho 
purpose sought. It is on those grounds that the Committee 
have not hitherto found it necessary to advise the erection of 
the special establishment which would otherwise have been 
required to give effect to the recommendations of the Duke 
of Devonshire’s Commission. 

The Committee in making this representation have been 
guided simply by scientific considerations While they have 
no desire to protest against their own abolition, or any change 
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of policy on the part of the Government, they wish to place 
on record tlien convwtion of the national and scientific 
import.ince iifthowork which the Lordu of the Ooiiimittee of 
Council on Kdiication called upon them aoiuc j oaia ago to take 
in hand, a coiividioii which led them to place thou services 
freely at. the dixpohal of tlic (lovcnuueut. 




0 88844, 


B 
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II ^ WORK AT KENSINGTON. 

The foUowmg Report has been drawn up by Mr* Lockyer 
on the work done at South Kensington. His conclusions 
based on the results of this woik will be found in Appendix 
No. VII. 


( 1 .) Tnstnime'iits 

The instruments now at the disposal of the Cominitteo arc 
as follows — 

(1 ) A 10-mch telescope equatoiially mounted, with decima- 
tion and light ascension ciicles, made by Oooko, of York 
This IS the property of the Science and Ait Dcqiartmciit^ and 
was pin chased for the use of students in the Science Scbools, 
The eye end is adapted for a spectroscope attachment. 

(2) A 6-inch oquatoiial by Oookc, the property of Mr. 
I^ockyei 

(3.) A 6-incli equatorial by Tioughton and Simms, lent 
by the Astronomer Royal A gi atmg spectroscope is attached 
to the eye end of this instrument. This is used for the daily 
observations of sun-spot spectra 

(4) A photoheliograph by Hallineyer for taking 4-inch 
sun-pictures, lent hy the Astionomor Royal. A new 
secondary magnifier and cameia have been added, so that 
the instrument is now adapted for 8-inch pictures 

(6 ) A siderostat, made by Cooke, of York, lent to Mr. 
Lockyer by the Royal Society. 

(6 ) A 3|-mch achromatic telescope by Cooke, the pro- 
perty of Mr Lockyer 

(7 ) A 9J-inchBrownmg-With mirror with tube complete, 
the property of Mr. Lockyer. 

(8 ) A spectroscope with seven prisms of 46° made by 
Biowmng, the property f)f the Royal Society. This is used 
for solar work 

(9 ) A small grating spectroscope, the property of Mr. 
Lockyer. The grating is^ruled on silvered glass, and has 
about 17,280 Hues to the inch The instrument is made so 
that the observing telescope can be replaced by a small 
oameia 

(10 ) A grating spectroscope, the property of the Science 
and Art Department. The grating is hy Rutherford and is 
ruled on speculum metal , the number of lines per inch is 
about 14,000 The observing telescope has an aperture of 

inches. 
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(U) A tliffm'tum gmliiiK by Rutherford, ruled on 
speculum mefol. TJiw U the jjroperty of the Bepaitment 
and w uHcd with a i.{jt‘et kwooim^ iti which the scale is observed 
by a second elamjtetl alwve the ohseiving telescope 

* (12.) A :i-primn ^!K*etr*>at!ope by Hilger, the property of 
the Dcpartniojjt. I ho «H*nimat.»r of tins matrument is about 
.5 feet 9 inflioh long, and the nriaiiiK are each .‘} inches deep 
and « inchcM edge. The dark slide «s<-d with the cameia is so 
arranged flmt any pnft *d' the plate <*’m be exposed to the 
Bpoctnim ; in tbiw way several parallel apeetra can be obtained 
by suceesaivo (‘xpoaimw on the Batne plate The photo- 
giaphic lens «M‘d js a 4-ineh rapid reetiliiiciu by Dallmeyei, 
the foeiil length l«>i«g idimit 10 incdies. 

(10) Speetroa<*op*« l»y Hilgi’r, tlie property of the De- 
partment. In this the prihiiH are muchi of leeland spar and 
the loiiaea of quarts!. There in one priam of 00® and two 
halvew of a priam of 0(> , the {iriMH having been cut into two 
equal parta iiy « vertieal mdion through the vertex One of 
the half-pri»ms is pliwed with the, roetiingular iiuio immediately 
m front of tin* cndliuiator lens, and the other with the lect- 
angular fttc<» in front of the object glass of tiie observing 
telcaeope. T’be observing lidescom* ciiji Ih* replaced by a 
eatnern, the lens used for photi^r.ipliy being Hunply the object 
glass of the tdiserviug telescope. 

(14.) A Htoinheil sjusdroscopc with thnsi prisma of 30° 
and one of the pnijM-rty of the Department. 

(ir>.) A <!iit‘ct“Vif»ion sju'elroscojK' mmmtod on a stand by 
Ililger, the |»ni|«*rty of the Dejmrtiueiit. 

(16.) A Itowland grating si«‘cdrosoopc, tho property of the 
Dopnrtineiit. The grating Is a conmv« one of about six 
feet in foeut length, and hm about 17,0(K1 lines to the inch. 
Tilts available atirfaae of the grottftg w 5 In. x 2 in It is 
mounted on a wooden frame In a httt faeing the siderostat. 
The grating and eyo-picce (t>r mmem) nro lixed one at each 
end of a tmawl, the nnda of which slide in a pair of grooves 
at right angles to emsh other, and the alit is fixed at the 
intersection of tlie groov«*a. The distance between the 
grating and tihe caitwra is twice the focal length of the 
grating -mirror, so that the slit alw^s lie* on a cirde de- 
scribed on that lino m tliamoter. btsing the case, aU 

the spectra, are brought to a foeu* at the camera. In this 
way a normal ipwetmni on an invariahle scale is obtained. 

(17.) Btar Spectrotwojw, by Hllgor, liavlng a prism of 60° 
and two half prianw. 

(18.) A fi-moli pri*m for jihotographing star spectra. 

n 2 
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(19) A dynaino^electiic machine and lamp^ the property 
of the Department 

(20 ) Intensity and quantity coils by Apps. 

(21 ) Small induction coil by Apps 

(22 ) A battery of ten large Bunsen cells 

(23) A short focus 6-inch lapid rectilineal photographic 
lens by Dallmeyer Also, a 12 x 10 pholo lens by Ball- 
meyer Also, two 8| x 6^ photo lenses by Dallmeyer 

(24) A 12 X 10 photographic camei a with stand, tin ce 
double and two single slides, by Meaghei, This was 
pui chased out of the funds at the disposal of the Committee. 
The 12 and 10 photographic lens before mentioned is used 
with this camera 

(25) An enlarging camera, 15 in x 12 m 

(26) Micrometer reading to 100,000th of an inch, by 
Ililgei, for measuring photographs of spectra. This belongs 
to the Department 

(27 ) A small heliostat foi use with the spectroscopes, the 
property of the Department. 

08 ^ A lathe. 

(29) A 15-incli retouching desk, for the examination of 
sun-pictuies 

These instruments aie in use by Professor Norman 
Lockyer m his laboratoiy or observatoiy, or are used for 
teaching purposes in the Normal School of Science 

The equatorial instruraenls belonging to the Indian 
Qovernment with which observations of sun-spot spectra 
have been made during the last seven years has been re- 
turned to the India Office, and has been erected at the 
Elphinstone College at Bombay Other arrangements for 
securing the continuity of the observations therefore became 
necessary The Astronomer Royal and the Museum autho- 
lities weie consultecl on tins subject, and no objections weio 
made to the employment of tlie 6-inch equatorial by Simms, 
which was then on loan to the Museum This was erected in 
the observatory previously occupied by the Indian instru- 
ment, irnd the same spectroscope is being used. It became 
necessary to have an adaptei^made for this purpose, hecanse 
the eye-pieee end of the Simms inafiument was not mad© to 
the same gauge as that of the Cooke. 


(2.) Ohervatory BuiUiT^s^ 

h The 6-moh equatorial by Simms has been erected, in a 
bit vnth a conical revolving roof, m the ®ound behind the 
Rxhibitum Road Pott Office. 





ir 


2 'rho lO-iiich equiitoiial, witli the added Gautier photo- 
hohograph, is orected iu a wooden observatory with a conical 
1 evolving dome 

3. 'I’lio tJreouwioh photohohogiaph is in the hut oiiginally 
coiiati noted for U'C in the Transit of Venus llxpedition 
(1874) 

4. The sideroHlat ih ui a hut running back on a tramway. 

f). The Rowland grating speciroaoope is in a dark hut 

facing tile siderontat 

All tliC'O are in tlio 8[)uic ground behind the Exhibition 
Road I’ost Office, and are all m a fair state ol repair. 

(3. ) Photoli(‘Uo(jr<i])k. 

The new instrument, to replace that sent to India, was com- 
pleted in 1887), and many photographs wore taken between 
that year and I88(i. It soon became obvious that there was 
wanothing wiung about the secondary magmfier, because 
under very landect ohsorving conditions it was not possible to 
obtain the mottled snrfatio of the sun in any way approach- 
ing to the porfoetion MHuired at Moudoii. 

I’nifcssor Stokes was consulted on this matter, and the 
iqishot of it was that the Dopartniont authorised the con- 
struction of a now secondary niagmficr by Grubb, of Dublin 

'I’he pli<»tolH‘liogrui»b was ibcu rc-crcotod alongside the 
tube of the lO-iach oipiatoual. Boino tmio, however, elapsed 
Indore some of tlic fittings weie returned from Mr. Dalimeyer, 
and for the next 10 Mcoks the sun was rarely, if over, 
visible in the observatory, A long time thus elapsed befior© 
there was an opportunity of testing the instrument on the 
win. In the meantime, however, tlio magtiifier was subjected 
to sovenil tests, 1'he cross-wiros of the instrument were 
first tH'placml by a piece of tin-foil pricked full of holes , 
then, the instrument being dimotod towards the sky, a photo- 
graph of the pin-holes was taken on a pkte 16 inches square 
H(H>n after, at tlio suggestion of Professor Stokes, the tih- 
foil was replaced by a piece of silvered glsws on which 
various dots and orosses bad Uhen scratched. This proved 
to 1)0 l)etter than the pnekod tin-foil, because there #«b(l no 
ivfleotioii from the sides of tlio holes. To get the best 
dofmitioii, it was found neoesiary to insert a quartor-indh. 
atop between the two lonsos of the secondary magnifier. 

A at‘ri«« of cxiverinumts wer® al« made wifii ^e view of 
tcating the iverfbrmance of the 0-iiich photographic object 
glass* The Iouh was fixed ut one end of the long ivooileu 
tube which was made for the Eclipse Expedition of 1888. 
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The tube was mounted on Mi Lockyei’b 6-mch equatoiial 
in place of the oidinaiy telescope lube In the pieliminary 
testsj the object glass was diiected to a bught star and the 
image photographed, the telescope clock was stopped so 
that when the plate was developed theie was a fine black 
Ime instead of a mere speck, as there would have been if 
the clock had been allowed to diive Usually several 
exposures were made on one plate, the focus being alteied 
each time, and the tube slightly moved in declination so that 
the lines did not overlap 

Afterwards Professor Stokes suggested that the object 
glass should be covered with a piece of card, out of which 
there had been cut a sector of 120°, thus leaving one thud 
of the object glass available This was done and was found 
very useful If the image of a star was photographed within 
the principal focus, the shape of the sector was reproduced 
The image at the focus was of course a point, and on the 
outside of the focus the image was again a sector-shaped one 
Commencing about an inch within the focus, seveial ex- 
posures were made on one plate, the back being moved out 
a little each time, and the clock being allowed to stand for 
about half a minute between eveiy two successive exposures. 
In this way the position of the best focus was determined 

These experiments weie going on for about ten weeks, 
the results in all eases being submitted to Professor Stokes 
for examination 

During the summer many experimental photographs of the 
sun have been taken, but so fai the results are not very 
promising. 


(4) Spectroscopic Observations. 

a. Svn-^pot and P'i ominence Specif a. 

By means of one or other of the equatonals, tlio spccti'a 
of spots are examined as frequently as possible, and occa- 
sionally a search is made for prommencee. This work has 
been going on regularly smce 1879. 

f Until quite recently (Jul^ 1887) the results bear out those 
results obtained in the previous 700 observations; with the 
approach to the minimum spot period, the iron and other 
wtaUio hnes aie gradually becoming more and more 
attected, while the Imes of unknown substances are dis- 
appearing from among those most widened. The apparent 
Agreement of the July observations is probably due to the 

tact that in that month there was a short revival of snot 
activitv. ^ 
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700 «*l>K 0 rvtttbnM of sputH hml boon 
iiuwUs luitl tlu'wt !»vo boon riHlu.'tnl inul tho rosulta publ'wlietL* 
luir a -i«nt ncooimt of Um* n‘»u!trt, soo Bpeotrosoopic Plie- 
of H of this Keport. 

Hmoo AuKu-^t ISH .1 J50 obhomtiona havo been made, 
hove aifiic# lH*on mluotnl, but havo not yet boon 
l»ubli«»hi'd. 

TIhi nwlti* an* almost porfeclly (•oulinuouH with those 
tilnwly roforml t«i. 

l''ho{«}{raplw of the 5.jK«’<mof stm-Hiwts and pronimoucoB 
iinvo boon taken with a llufltorfoial pntmg. The wpeotro- 
was atlat'hcd to fhi* eye-end of the (i-meh e<iuatoiial, 
Hiui uu iiiiHjie of the ejjot oi prcnidneueo waB foimed on the 
ulit by the objeet glaes. On oiio aide of the gniting was the 
raiitem, and on the other eide anmaU observing telescope, 
m that the *t|«'etnnM ettuld he oi>i*ofviHi whilst being 
|iliolograp!iod. 1he whole sjw«tn»H*t>p«_ wns provided with 
a iit«* adjustiiM'Ht inde|H*mlenl «ti‘ tlio moth>t» of the teloseope ; 
iti tliis w ly any itiet{ittdUy in the motion of the clock could 
nWdy la* CiU rented. 

It was foittnl, however, that tho spot spoctnim e«mld only 
he foeussed «tver a **maU n*gion. 

The «jmt <*peetra shownl iMime td the lin<*s widened, and 
oeeashutally II iin»! K were rt‘Veri«*d. 

'fhe pnwnincnee '♦jM*etrti wunetimes showed II and K 
n'vei’xed, »<intt*titnea K nhnii* N<t mtstidlh*, Utics were photo- 
grapticd, ptidwuhly b«*caiHe the photographs were taken at a 
trtfi»Ml of f[«iwc*Jtie»*. 

A series of eaperittM*iif s has also laten nimlo on the WMrotra 
of the are of a Hinmons’s iittichhie, It was shown that not 
only was tl»*re a iepamtion «»f the lines of difffinmt eleinonts 
at the, two polos, hut that In sotnn owes tmo set of lines 
wottbl apiioai’ at one |«»lo while other Umw of tlie same metal 
were seen inily at tlie i*p|M»*ite pole. Other phononmna 
wow alwj olworvfHl anti recorded, such a# the mv 6 r»o 
appeawnee of lines, in sotiin eastt* one act of lines holng aeon 
afmte, in other casea othor linos tif the same motel appearing 
hy thommdvw. I’lm varimts aii»pca»uno«» ol ht«w during 
reven^ w«ro aha* exatnincth 

b. Ffmiimathn Kxpttrimen.h, 

KxitorlmHnta hnvti boon ttuwlc In conjunction wl^ Frofessor 
( 1 rt«>kos on tho fraotionation of' aomo chemical gubatance#. 

‘ Pwe. »Jt. Ko. m, te«e. 
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The subbtances e^petmiented Upon "were the nitiates of 
calcium, magnesium, and iron 

The oiigmal nitrate was fused at a led heat until brown 
fumes were given off, the nitrate being thereby partially 
decomposed into oxide The soluble pOltion was dissolved 
out with boiling water and sepaiiited From the insoluble 
portion by filtration. The filtiate was cvapoiatcd to dryness 
and called (+1) , the icsiduo was washed out and dissolved 
in nitric acid, evaporated to diyncs8,!ind caled ( — 1) Each 
of these components, (-1 1) and (—1), was treated in the 
same way as the oiigmal substance, and gave lespectively 
( +2) plus the oiigmal and (—2) plus the oiigmal substance. 
This piocess was repeated on ( + 2) and (—21, and ( + 3) and 
(— 3) veie obtained. In the case of calcium the process 
was earned to ( + 11) and (—11), magnesium to ( + 16) and 
(—16), and iron to ( + 8) and ( — 8) 

So fill, however, no notable diffcienoes between thespeotia 
of the (+ ) and (— ) have been observed 

The work has been (emporanly discontinued in order that 
other work might be proceeded with, but will bo resumed as 
soon as convenient 

« c Oxy-hydi ogen Flame Spectra, 

The spectia of most of the metals at the temperature of the 
oxy-hydrogen flame have been mapped. A Stemheil spectro- 
scope with four prisms was used, and comparisons were made 
with spaik spectia 

The greatest diflBculty attending these observations is that 
of feeding the flame with the substance under examination 
The usual method of intioducmg the substance into the 
flame on the end of a platinum wiro cannot be employed as 
platinum fuses at the temperature of the oxy-hydrogen flame 
For thespeotia of non and copper, fine wire gauze was found 
to give the best icsults, as it was easily pierced by the flame 
and touched the flame on all sides. Most o^ the othci sub- 
stances weie made mto a paste and burnt on copper gauze, 
the lines of Copper being easily separated from those belong- 
ing to the substance under examination. 

In several of the more important cases, photogiaphs of the 
blue and violet parts of the spectra were taJsen 

The observatittn^ ife impoitattt aS being thC spectra of the 
metals at a temperatuie inteirtiediate between tliat of the 
Bucsen flaihe and that of the eleotiic aro 

The number of hues of any one substance m the flame 
spwtram is veiy much smaller than the number in the aro 
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01 spark spectrum Thus between wave-lengths 5,l00 and 
5,500, Ingst.r-oin iccorcls 92 iron lines and Thalen 45, the 
flame spectrvxm only cionlams 8 hnos„ for the same legion 
Similarly , copp^i ^ where Angsiidm maps 4. 

<•/ Sj>eHi‘(i of Carbon Compounds 

An extensive senes ol' experuncrtts have been made on 
the spectrum carbon. Since the commencement of the 
leseaich in X 880 over a thousand photographs of the spectra 
of various oouiponnde ol caibou under diflferent conditions of 
tempeiaturo and prossut o have been obtained , of these 
between two and thico liundrcd have been kept as reference 
photogiaplis. 

The geneTal method employed for obtaining the spectra 
has been to hho flanics,^ or to enclose the gases or vapours in 
glass tubes jii'ovKlcd with platinum points, and to illummate 
them by eleofno dim barges from an induction cod 

Different kinds ot tubes wcie used, giving spark discharges 
varying in length fiom u qunrtci of an inch to twelve inches, 
and in diameter from an inch to one fortieth of an inch. The 
tubes were nsually of a compound form so that different 
conditions oould be obtained without the necessity of charg- 
ing tho tul>o each time The end of the tube nearest to the 
spectioscopo was provided with a clear bulb, so that when 
placed m a line with the collimator, light from every part of 
the spark i>tt«sod through the slit. 

One end of iho tube waa connected with a Sprengel pump, 
and the otihesr with an apparatup for preparing the gas ot 
vapoiu th© (spectrum of which was to be examined AE the 
joints and st-op-coeks ware made perfectly mr-tight by sur- 
rounding tliein with mercury and glycerine 
' The whole a|>partttUB was first exhausted as far as possiblei 
and was then filled with gas. This was again pumped out 
and the tul>o ro-fillcd, and so on until the gas was perfectly 
fi-ee from a.ir. Whilst this process of washing out was going 
on the ttibie was kept constantly heated, so that air and 
moistuie could not adhere to it« Photographs were usually 
taken duriua the proooes of purification in older to ascertain 
the effect or n small ijuantlty of air or othei residual gases 
upon the ej>octruni. 

When fltixtied were used, tlio jot was placed about two feet 
fiom the slit and an imago was focussed on the slit by a lens 
The speot i oHCiipe employed was one by Hilger, in which the 
coHimatoi' iiri about 5 feet loug, and the camera adapted foi 
quaitei pln.'fcQB As a ]rulc» only one prism was usedi 



Besides tlie photogiapbs, a reguLii senes of eye observa- 
tions have also been made^ so tliat there is a complete lecord 
of the whole spectrum 

Th^ general result of these expeumentb shows that the 
same compound gas under vaiymg conditions of tempeiature 
and piessuie usually gives wudely diffeimg spectra The 
spectrum gradually changes fiom one of flutings to one of 
lines as the tension^ and probably the tempeiatuie, of the 
spaik IS increased The pressure of the gas lemainmg con- 
stant an inciease in the length of the spaik is accompanied 
by increased tension^ and lines appeal in the spectium 
Similarly, the length of the spark lemaining constant an 
increase of piessure is accompanied by an increased tension, 
and a decrease of piessure by a deciease of tension Varia- 
tions of spark conditions are also obtained by the use of a 
Leyden jar or a jai and an -break A gas giving a fluted 
spectium when the jar is not used may give a line spectium 
when the jai is introduced into the ciicuit, oi if the pressuie 
be such that a fluted spectrum is obtained with the small jar, 
a laige jar may bieak it up into lines The photographs 
were tiken with the gases at giadually increasing or deci eas- 
ing states of tension, by combining diffeient pressnies with 
different lengths and strengths of spaiks 

The compounds of carbon to which attention has been 
directed include cyanogen, marsh gas, acetylene, benzene, 
carbonic acid, caibonic oxide, carbon tetiachloiide, alcohol, 
and petroleum The different compounds vary greatly in 
their behavioui when subjected to the same temperature, 
thus, the temperatuie at which benzene gives a certain set of 
caibon flutmgs is insufficient to give the same set from cai- 
bonic oxide, and the tempeiature at which caibonic oxide 
gives flutings might be sufficient to give the line spectrum 
from benzene. These facts are mentioned to show the 
intricacies involved 

Several groups of flutmgs which have been attributed by 
other observeis to particular compounds of carbon, have been 
found common to the spectra of all the compounds experi- 
mented upon, in the absence^f Well-known groups belonging 
to the particular compounds, and it is therefore probable that 
sUch groups have their origin in carbon itself 

The wave-lengths of the lines and flutmgs wete determined 
by compausons with the known spectrum of the electric arc. 

Seveial sets of carbon flutings occur in the spectrum of 
lire electric arc, and these have also been photographed aud 
U|L%p©d* It may be remarked that at the tip of the flame 
which ofteu surrounds the negative pole, especially when ilie 



23 


w bt'ing t»r brokt^n, there occur three scU of 

flutingt* wliicli imvc not been rcoordc'l by other obnorverB 
I’nlike thorn tMTorrintc in the urc siiectrum, tiioHO flutings 
tibude off towardh the red, 

f. Spffint uf Htnriti H'lth hjx'Ha} rtfemiet’ to Corhoii. 

llnving obtained totne two or throe hundred reference 
photograj>h^« of carbon «j>ectra under known conditions of 
temperature and jireasure, wo arc now prepared to undertake 
an iuveatigntbn of the nature of the carbon which is known 
to etiat in many of the stara 

It is pro|K>sed to get compariHons of the star spectra with 
the sm*etrum of a known eerhon eompound enclosed in a 
(icisaler tidre, Tire (Jleissler tube will lie placed in front of 
the ohjeot giass ami a small lens will bt* introduced to render 
th«‘ rays of iiglit from the tube parallel to each other The 
(leissler tula* will thua be focussed on the slit at the same 
time that a star is fooussed. The tuls* being placed parallel 
to the slit, the sjieetrum of the earlKin compound enclosed in 
it will have a width cipiivalent to the length of the slit, 
The image of the star will lie allowed to travel over only a 
small jKirtion <rf tlio slit. Itr tin# way a double siiootrum 
will he olrtained— -the speetrum of the star suirorpoaed upon 
the much wider speotruni of tluj (leissler tube. Any 
coincidener* will Iw marked by an incrousod iiitonaity in the 
flutings ct«n|a»ing the sjiectnmi of the (IciBslor tube whore 
orn**sed liy tlie atar spectrum 

The prellBiiiwy trials of this method have not proved 
very satisfuctory, probably hewiuse the ohjeot glass of the 
ti*l«wco|ic did not mve a photO|gaphio image on the slit. The 
»js»ctr*wcopt‘ Moptoyetl was on® in which the prism was made 
of lonlaud sjwir. 

Experiments have also boon made with the view of using 
a illflbctlon grating for star siiootrs. Tho ^ting, ruled on 
silvtwd g!a^ was placoil inside fho principal focus of the 
ohj«}Ct glass, so that when tho telescope was iminted to a star, 
tho star was fmsussed after rofledlion from the Kurfaco of tho 
grating. In this way the Bmwjtrum could be obtained without 
um use of any bna except tlm objeot glass. Tho photo«aphio 
plate was plmwrl at a distnnoo from thn gating equal to tho 
dwtanee of the jp^tiog from the principal foous. Tho 
«m*etr«ni thus obtained, however, would he without width , 
the necessary width was obtninwl by a<\ju«ting the grating 
iH* that the lines were i»raUel to tho equator of tho telescope, 
and «th»wing the dmk to travel a litth* too slow or a 
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little too fast The stai thus had a motion relatively to the 
grating The spectra obtained, however, weie deficient in 
definition, probably because, as before, the object glass did 
not foiin photogiaphio image 

/ Spectra qf Metals at different Temperatutes, 

Observations have been made on the spectra of the metals 
at the temperatures of the oxy-hydrogeii Same, electric arc, 
quantity coil, and intensity coil, to endeavoui to Jfind out 
the oiigm of thediffeiences observed between the lines of the 
same chemical substance heic m sun-spots and at Rome in 
prominences 

As an example, the effect of terapeiature on the spectrum 
of calcium may be stated --(1 ) At a low tempeiature we 
get a spectrum of calcium which contains no lines whatever 
in tbe blue, (2) when the temperature is increased— the 
tempeiatuie of a Bunsen burner is sometimes sufficient — w^e 
get a line in the blue at wave-length 4226*3 j (3i) when we 
pass fiom a Bunsen to an electric lamp we get this blue line 
intensified, and at the same time we get two new lines m the 
violet, nauicd H and K. , (4.) using a still higher tempeiature 
in the aic, we thin the blue line, and at the expense of that 
Ime, so to speak, we thicken the two in the violet, so that 
the latter equal the blue line m thickness and intensity , 
(5) passing to a large rnduction coil with a small jar, wo 
make the violet lines veiy much more prominent , (6) and 
using a larger induction coil and the largest jat we can get, 
we practically abolish the blue line and get the violet lines 
alone 
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APPENDIX L 


Government Eclipse Expedition, 1883 
Tnsb uctions to Observer s 

1 In case of any difficulty at any poit either on i^oing 
out or coming home, Mi Lawiance to hand Forf^ign Office 
letter heiewith to the British Consul at that port and ask 
his assistance 

2 On joinmg the American paity Mi Lawiance and 
Mr Woods to repoit themselves to the astionomer in 
charge of the expedition and to hand him the accompanying 
letter, taking his advice and following his instructions with 
reference to the transference of the instillments to the US 
ship of war. 

3 On airivmg at the place of obseivation the instruments 
to be erected on a site to be chosen by the American astro- 
nomei in charge 

4 Packing cases to be reclosed np as far as possible and 
to be protected fiom damage and the weathei. Care to be 
taken not to damage tin cases 

5 The gratings to be kept togethei and special precau- 
tions to be be taken with regard to them, as also with the 
silveiing of the siderostat miuois Mr. Lawiance to give 
special attention to this point. 

6 For as many days as possible before the eclipse all 
the instruments to he arranged as during the eclipse, and 
from 11 28 am local mean time to 11 48 local mean time^ 
complete rehearsals of all the observations intended to be 
made during the eohpse to be most rigidly carried out. 

Y A statement of the days on which these rehearsals have 
been made to be given in tfee report of the operations 

8 If the aforesaid times derived from Mr Hind do not 
agree with the times determined by the American astrono- 
mers, the instiuctions of the astronomer in charge are to be 
taken 

9 Instruments to be focussed and trial plates taken, if 
possible, at least two days before totality* These trial plates 

be carefully preserved. 
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10 The reheaisal on the day befoie the eclipse should be 
a complete reheaisal^ with photographic plates exactly as 
during the eclipse itself, and these plates to be developed at 
once and brought home 

11 The observers should confer with the American 
astionomer m charge regarding tune signals before and after 
totality 

12 If additional obseiving power can be obtained from 
the Ameiiean party, the additional observeis to be tiained 
to obtain photogiaphs with the photohehographs, and if 
desii able, the tune-table foi that instuiment to be handed 
over to them, they being placed in entire charge of that pai fc 
of the opeiations 

13 If such assistance cannot be afforded, then, if the 
photohehograph pvogi amine cannot be cairied out in its 
entirety, the large pictures to be alone attempted. 

14 Special attention to the latmg of the clocks, including 
the eclipse clock and sideroslat, to be given at least thicc 
days before the eclipse 

15 A q^uarter of an hour befoie totality, clocks to be 
wound, and cajis and stops, which had hithexto been used to 
dimmish the amount of light, to be ieino\e(l if necessaiy 

10 The timekeepei should he asked to give tlsese mstiuc- 
tions m a loud voice, as cxpeiience has shown that they aie 
apt to be foigotten 

17 In the observations and adjustments dining the eclipse 
no deviations from the time-table and adjustments to be made 
except after consultation and with the approval of the 
Ameiican astronomer m charge 

18. The clockwork of the integrating spectrosOope to W 
so adjusted that the plate will tall through 1 inch m 8 
minutes. 

19 The distance of plate from concave grating to be that 
given by Captain Abney for vertical distortion 

20 In equatorial the slits to be parallel and vertical m 
the meridian and their centres on the same pait of the 
sun. 

21 All the slits to be in =No 2 on Captain Abney’s 
SCI ew, with the exception of the mtegrating spectroscopes 
which should be in. 

22 At some convenient time, say 100 seconds, near the 
middle of totality the slits of equatorial to he brought to the 
point of re-appearanoe. 
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28. The plates to be developed and copied at the first 
convenient time after the eclipse is over. 

24 Half the positives and half the negatives to be handed 
to the British Consul at Callao^ to be foi warded to the 
Foieign Office for transmission to the Science and Ait 
Depaitment by the next mail after that by which the 
observeis leave. 

25 On arm al at Callao a cypher telegram to he despatched 
to Secretary, Kensington Museum, London, giving the results 
obtained with each instrument and stating any othei mattei 
of importance 

26 Great care to be taken in replacing the instruments 
aftei the eclipse. Tin cases to he re closed. 

27, A detailed report to be prepared before arrival at 
Oallao of the general results, to be posted to me immediately 
on arrival at Callao, in case of any delay en route 

28, If a convenient opportunity arises for sending this 
report from the Marquesas, this course to be followed as 
well as the other. 

29 It 18 to be understood that the records of the eclipse 
are the property of the British Government 

30 In case no pictures are taken with the small photo- 
heliograph, Ml. Lawrauce is requested to ask the Ameiioan 
Astronomer in charge foi an oriented positive of the corona 
to famlitatc reference here 

31. Mr. Lawrance is empowered to hand to the Ameiican 
astronomer in charge positives of any of the pictures taken 
by the English party which he may require for a similar 
purpose, and to obtain a receipt for them. 

W. S^OTTmwoppE, EB,S 

J. Iforman Lockyer, 

I6th 1883. 
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Code for Cypher Tele^r^m. 


Veri/ good 

Good 

Indifferent 

-^ad. 

Ve7*g had* 

Bad 

bell 

bird 

bog 

bust 

Can 

cent 

cinder 

cow 

cut 

Day 

den 

dip 

dog 

dust 

Far 

fetch 

fig 

frog 

fun 

G^as 

ger 

gill 

gold 

gum 

Hall 

hen 

hit 

b-old 

bunt 

Kappa 

keg 

"’‘king 

Koch 

Kubne 

Lamb 

length 

light 

lot 

lump 

Mad 

mess 

mint 

most 

muff 

Nag 

nest 

night 

now 

nut 

Pan 

pelt 

pig 

port 

pull 

Bag 

rent 

right 

rot 

rust 

Sap 

sell 

sing 

sort 

sum 

Tar 

tent 

tm 

told 



B = 6 prism on equatorial. 'I 

0 = double grating on oquatoria.1. 

D = dense pnsm on portion of 6 -inch equatorial 
F = Integrating Hilger. 

G = Ked end slit. 

H = Bed end prismatic camera. 

K. = 1st order blue Rowland. 

Xi = 2nd )) }) jj 

• M = 4-mcb pbotoheliograpb. 

N = small ,, 

P = 

B = 

S = 


T = 

O 52344 


0 
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, Adjustments^ 

B* y-prism spectroscope. 

F. line in centre of plate. 

C. Flat grating spectroscope. 

Fust order. 

F. in centre of plate 
Second order. 

F. in centre of plate 

I)» Dense prism. 

F* in centre of plate. 

F. Integrating Hilger (Plasty. 

G- in centre of plate 

G. Red end slit 

H. Red end prismatic camera, 

K First order blue Rowland. 

F. in centre of plate. 

li. Second order blue. Rowland. 

H in centre of plate. 

M. 4-inch photobeliograph. 

See that sun runs along horizontal wire* 

N* Small photobeliograph. 


SI 


FonM roll RRooiimNo Obshrvatioks, 
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S1DEEOSTA.T 

Time 


Eowiand Grating 


Slit Spec- 
troscope 
2pnsm 


Hilger 

1st Order 

2ndOrder 

Prismatic Camera 


ref spectrum 30 sos 


Seconds 

60 

40 

30 

20 

3 

2 

1 

Totality 

300 

290 

280 

2*70 

260 

250 

240 

230 

220 

210 

200 

190 

180 

170 

160 

IKO 

140 

180 

120 

110 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

Just Wore end 


expose and start clock 


expose expose 
expose expose 


expose expose I expose col plate expose 


shut 

expose gel plate 

expose expose 


shut 

expose col. plate. 


expose expose 


^ose expose 
expose expose 


2 sec 


3 : 




Ui iwl 





Oamem. 





miHm, 

Ptpmm, 





tilKtift. 





Ptp0m\ 



mpm* 


extmst* l WH* 
<^3E)DO«J« liO »w 


§ki\U 

aqpWttliw* 
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APPENDIX II 

Note by Professor Tacchim on JSchpse of 1SS6, 

Je crois que la question, de la planete intermercuriale n’est 
pas resolue d’une manifere satisfaisante. M Holden et M. 
Palisa ont fait, h Caroline, tout ce qu’il ^tait possible avec 
une lunette parallatique, oui ils ont accompli tr^s-bien la 
partie dont ils ^taient charges, mais on ne pent pas conclure 
pour cela que la planete on les planetes n^existent pas entre 
Mercure et le Soleil, car un examen avec lunette pendant 
une Eclipse, m6me de 6 minutes, ne pent se faire que pour 
un nombre tres-restreint des ^toiles assez brillantes et par 
consequent la d^couverte obligerait ^ admettre que la planete 
est d'une certaine grandeur pour ^tre tout de suite aper 5 ue 
^ns des conditions aussi exceptionnelles pour I’observateur. 
Done il faut ^tudier la manifere d’employer uniquement la 
photographie pour cette recherche et avec plusieurS instru- 
ments. AprSs il y a la question de la couronne et des 
panaches, car les photographies prises jusqu'^ present ne 
valent pas grand^chose • il faudrait partager les operations 
et employer une machine pour chaque recherche h faire. 
Des protuberances blanches que j’ai vues ^ Carohne ne sont 
indiquees dans aucune photographie seulement k Pobserva- 
toire de Washington, avec M. Harkness, parmi ces nombreuses 
plaques, nous avons trouv^ quelques photographies seulement 
qui montraient quelques indices de la chose ; il y a done 
beaucoup ^ faire encore pour obtenir de bonnes ^preuves ; 
ausai les panaches vus avec ma lunette n’ont rien h feire avec 
les photographies de M JansSen, et M. Janssen aussi m’adit 
que la chose est bien difF6rente Et m^me pour la photo- 
graphie des spectres, il y a raison de pr^tendre un travail 
mieux d^fim, c est-^-dire on doit chercher k faire des photo- 
graphies qui donnent vraiment les spectres Isolds tant qu’il 
sera possible, de protubdrances, des panaches, de la couronne, 
etc , sans oubher les observations directes, mais faites avec 
des inswuments propres et avec un programme bien ddfini 
Pour arriver k faire tout il fatit beaucoup de monde, de bons 
instruments et tme dclipse dtene durde assez longue. L’dclipse 
aura lieu en 1886* L’mstrument et les observateurs ne 
peuvent etre fouinis par une seule nation On pourrait done 
proposer une socidtd pour rdclipse de 1886. En 1884 ddfinir 
le programme, 1885 les expdnences k fhire, et en 1886 aller 
observer Tdclipse 

P, Taoohiot. 


I 
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APPENDIX IIL 

TABUIiATION OF SUK-SFOT DaTA, 

( 1 ) Report of the Astronomer Royal and Pi ofe^sor Balfour 
Stewai t on the best Method of tabulating the Sun-spot 
Data now available. 


1. In a Catalogue of solai pjcturea and photographs form- 
ing an AppeniSx to the Keport of the Solar Physics 
Committee will be found a nearly complete specification of 
the material available for the purpose of oairyiug mto 
effect the first recommendation of that Report, which advo- 
cates the importance of collecting and publishing the existing 
information regarding sun spots 

2 In order to render the reduction and publication of this 
back work as useful as possible^ two things would appear to 
be necessary. 

In the -first place the record should be rendered as com- 
plete as possible by means of the contributions which the 
directors of the various solar observatories have kindly 
undertaken to give , and, in the second place^ the Com- 
mittee should endeavour to obtain a numerical estimate of the 
accuracy of the various contributions which they hope to 
receive. 

3. For fhis latter purpose it will be desirable to regard 
the Kew series whOe it lasts, and after it the Greenwich 
series, to both of which easy access maybe had, as standards 
with whidi a certain number of comparisons shpuld be made 
in the case of each observato^. AS regards the estimate 
of accuracy of the results obtained at these standard obser- 
vatoria, it 18 to be remarked that both in the Eew and 
Greenwich series there is a large number of days on winoh 
two photographs have been measured, and a simple com- 
parison of the results would give the desired information. 
Thus each solar observatory wip be asked to contribute in- 
formation for certain days vhen there was no photograph 
taken at Kew or Greenwich , and also a small additional 
amount of such information for certain days when photographs 
were taken at Kew or Greenwich with the view of com- 
parison with these pictures 

As there are several solar establishments it is hoped that 
the call made upon any one of them will not be found very 
bntdensoihe. 
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4* We would recommend that m future measmements 
the spot should be taken as the umt rather than the group, 
and that the area and heliographic longitude and latitude 
of each spot (or cluster of small spots) be determined for 
every day for which a photographic record exists. 

This substitution of the spot for the group will entail 
comparatively little additional labour in calculation, inas- 
much as all determinations of the areas and positions of 
groups are derived by bringing togethei the coriesponding 
measurements of their spot components. The published 
results would under this system occupy, no doubt, a greater 
space than if the group were adopted as the unit , but the 
possibility of deducing important scientific conclusions 
regarding the relative behaviour of the components of a 
group would be preserved, while it would entirely disappear 
if the group were taken as the unit. 

5. Further, it appears to us desirable that the daily areas 
of faculse (accompanied by lOUgh measures of position- 
angles and distances from the sun’s centre) should also be 
determined 

6 In the tabulation of results it is desirable to keep to 
one uniform system, and we would therefore recommend 
that the form employed in the Greenwich Photographic 
Results he adopted 

7 The following table shows the number of days on 
which photographs were taken at Kew or Greenwich, the 
number of days on which photographs taken elsewhere are 
available to fill the gaps in the Kew or Greenwich series, 
and the total number of days in each year. 

Number of Dats on which Photograrbcs are available* 


Year 

Kew 

Other 

Observatories *'• 

YotaL 

1863 



131 

62 E 

193 

1864 

- 

- 

161 

44 E 

205 

1866 

- 

1- 

U6 ^ 1 

47 E 

193 

1866 

- 

- 

158 

S7B 

215 

1867 

- 

- 

144 

68 S 

207 

18fi8 

- 

- ) 

140 

45 B 

185 

1869 


1 

168 

48 'vr & B. 

216 

1870 

- 

- 1 

218 

59 0.<W.,aB 

277 

1871 

- 

- 

205 

650,W,&E. 

270 

1872 

' 

■ 

37 

SSOO.W.&B 

267 


^ tn this table E denoted EI7 , W , Wiba , 0., Cambridg^e, U B 
Ma , Maimtms ; Me , Melbotime , Mo , Moscov^ * ’ 
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Year. 


Oreen'wich 

Other 

Ohservatones 

Total 

1873 



64 

178C,W,&E 

242 

1874 

* 

- 

163 

63C,W,&E 

226 

1875 

“ 

“ 

161 

128C,W,Ma, 
Me , Mo 

289 

1876 

— 

“ 

163 

150C,W,Ma, 
Me , Mo 

313 

1877 



169 

U7C,W,Ma, 
Me , Mo 

286 


We now proceed to discuss the various series of obser- 
vations 


Schwab^s Observations. 

8. In tixe Catalogue already referred to there will be 
found recorded undei their appropriate dates the total 
spotted area for each day when Schwabe took a sun picture, 
these results extending without interruption from the begin- 
ning of 1832 to the end of 1853 Besides this continuous 
series for '^vhich Schwabe was the sole observer, it will he 
found frona the Catalogue that certain pictures of Schwabe’s 
are coincident m point of time with certain pictures of the 
Eedhill and of the Kew series Means thus exists for deter- 
mining the numerical accuracy of Schwab e’s pictures, and it 
seems desirable that such a determination should be made. 

Redhill Senes 

9 In his publication entitled ^ Observations of tire Spots 
on the Sian, fiom November 9, 1863, to March 24, 1861% 
Carrington has given a detailed acepunt of his method of 
observation, and has exhibited the behographic positions of 
the varions spots observed by him on the sim’s surface. 

Carrington’s pictures were accurate sketches from eye 
observation, and not photographic records. Nevertheless, as 
there ard a. few days on which pictures by Carrin^ott, and 
photograplis at Kew were ta^n simnltaneously, it would 
be desirable to endeavour to obtam from these sithul^OOtts 
records a. numerical estimate of the value of Garrington’s 
observations. 

10 The positions given by Carrington are not those^ of the 
centres of mass of the Various group a, but of the individual 
members of each group It will therefore he na5mary to 
obtain the former from the latter This may be easily done. 


38 


inasmuch as sufficiently extensive measurements of the areas 
of each membei of each group have been made by Mr. De 
La Rue and his colleagues — indeed the materials for obtain- 
mg the mean latitudes of each of Carrington’s groups are 
very nearly complete and little more will be necessaiy than 
to obtam the mean longitudes 

The areas of the various spots have been measured by 
Mr. Loewy, and a selection of these should be remeasured 
in ordei to verify the accuracy of Mr Loewy’s determina- 
tions. 


Mr HomletCs Observations. 

11. The Rev F Hewlett has made a long series of careful 
drawings of sun spots The regular series began m 1869, 
and was carried on methodically for about eight years, and 
drawings were occasionally made from thenceforward to the 
present tune The spots or groups of spots were drawn on 
a screen on a large scale (1 inch = in the earlier drawings, 
and = 30'^ in the later), an image of the sun being pr0“ 
jected on the screen. The features of the spots or groups 
were thus depicted , and on account of the largeness of the 
scale the spot or group was cut out from the screen, and is 
alone preserved on the large scale , but drawings were made 
almost simultaneously on a smaller scale (1 inch =;= 9^ 40'^ 
giving the positions on the disc of the spot drawn on the 
large scale. The drawings made from 1859 to 1874 have 
been presented to the Royal Astronomical Society. 

The Ely Photographs, 

12 These began and ended nearly two years later than the 
^Kew senes They were taken by the late Canon Selwyn, 
whose widow gave the pictures to the Royal Society, in 
whose possession they now are. 

The day of observation of each picture is known, but the 
exact hour is not recorded, nevertheless it is believed that 
mformation on this point exists m the possefesion of the Solar 
Hiysics Committee. ^ 

13 There are a good many cases in which a picture was 

obtained at Ely but not at Kew. In these it would be of 
great importance to obtain the areas of the various groups 
recorded in the Ely pictures. ^ ^ 

% ^ 14 Unfortunately there are no fiducial lines in the Ely 
lectures, but it may nevertheless prove possible to obtain from 
those pictures approximate determmations of the position of 

groups whmh might be better than not knowing Iheir 
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positions at all. This information would only be of service 
for such groups as are not recorded at all in the Kew 
pictures, if there be any such. For these reductions it will 
be necessary to obtain the loan of the Ely pictures from the 
Koyal Society. 


Kew Photographs. 

15 Mr. De La Rue has ob tamed determinations of the 
areas of each Kew group of sun-spots He has likewise 
caused a certain proportion of these areas to be remeasured 
This will give the means of estimating numerically the 
precision of these area determinations 

16, Mr De La Rue has recently presented to the Royal 
Society the heliographic positions of each spot of each Kew 
group along with a classification of these into ten relative 
magnitudes It will be necessary for the purposes of the 
Solar Physios Committee that from this M S the heliographic 
positions and relative magnitudes of each individual member 
should be brought together for each sun-spot group, then 
weighting each member according to its relative magnitude, 
the positions of the centres of mass of whole groups might 
be determmed With sufficient accuracy to suit the objects of 
the Committee 

It would be desirable to remeasure and recalculate the 
positions of a certain number of the Kew groups (if this has 
not been done) in order to be able to estimate numerically the 
precision of these determinations. 

Photographs of other Observatories, 

17. It frequently happens that on days when no picture 
can be taken at Kew or Greenwich pictures have neveiroeleisS 
been taken at other places 

It will be necessary in such cases to make use of the good 
offices of the directors of these observatories in order to rend# 
the catalogue complete. 

The most suitable principle in making such appHcafimiB 
would be not to lay an excessiv# burden upon any one insti- 
tution, but to distnbute the work required in an equ^Mo 
manner amongst them all 

18 It womd, how^ewer^ be extremely desirable for those 
days which are blank* for KeW or Greenwich to have 
surements of areas from two diflerent stalaons if possible — 
more than two would be superfluous 

With regards to positions the measurements of these from 
a single station wotdd suffice. 
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19 The method which we would propose for obtaining 
these measurements and securing their accuracy is best illus- 
trated by an example. Referring to the catalogue of Solar 
Photographs for 1871, it will be found that on July 10th 
pictures were taken at Kew and Wilna On July 11th and 
12th pictuies were taken at Wilna but not at Kew, while on 
July 13th pictures were taken at Kew and Wilna. In this 
case the Director of the Wilna Observatory might be asked 
for the areas and positions of the various groups of spots for 
the four days July 10th, 11th, 12th, 13th, the determina- 
tions for July 11th and 12th being required to fill up gaps, 
while those for July 10th and 13th would be necessary 
for comparison with nearly simultaneous Kew pictures, one 
object amongst others of this comparison being that W its 
means a numerical estimate of the precision of the Wilna 
determmations might be obtained 

Furthermore, to enable the Director of the Wilna Obser- 
vatory to identify the groups, copies on tracing paper or 
otherwise of the Kew pictures of July 10th and l3th would 
he sent to him 

But it would probably not be necessary on all occasions 
to request fiom the foreign obseivatory a lemeasurement of 
pictures common to Kew, such as those of July 10th and 
13th, in this illustration It would, however, always be 
necessary to send to the foreign observatory sketches or 
tracings of such common pictures. 

20 It is apparently unnecessary that the various obser- 
vatories should be troubled regarding details of their 
reductions masmuch as approximate accuracy is all that the 
Solar Physics Committee desire, and the standard which 
would satisfy the Director of a Solar Obseivatory would 
satisfy the Committee. 

Furthermore the proceedings described in Arts. 18 and 
19 of this report would probAly be a sufficient safeguard 
against the occurrence of mistakes. 

21 Should it be very inconvenient to an observer to give 
the hehographic positions of each group for each day foi 
whidi these are asked, it sgems possible that two determi- 
nations of these, as far apart as possible in the lifetiihe of 
each group, might be suflicient to serve many of the purposes 
of the Oamnaittee, nevertheless it is desirahle that the cata- 
logue of such positions should, if possible, he complete 

Greenwich Photogfaphs* 

%% After the Kew series ceases it is proposed that 

W«iwlch diould become the standard station. 

» 
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The areas and positions of the various groups of the 
Greenwich series are already published 

The Astronomer Royal would undertake to furnish suoh 
tracings of certain of the Greenwich pictures as it may be 
necessary to send abroad for the purposes herein indicated. 

Suggested Mode of Procedure, 

23 It is suggested that the following steps should be 
taken 

(1.) The Committee should communicate with the Direc- 
tors of Solar Observatories, sending them a copy 
of this Report, and requesting from them a list as 
’ before of their sun pictures between the end of 

1877 and the beginning of 1882 A fuither com- 
munication should then be addressed to each 
Director asking him to supply the areas and posi- 
^ tions of sun spots and faculse from the photographs 
in his possession for days specified in accordance 
with paragraph 16 of this Report; or in case of 
his not being able to undertake the work to supply 
the Committee with materials for doing it them- 
selves 

(The position-angles and distances from the sun’s 
centre of spots and faculee may be measured with 
sufficient accuiacy by means of a glass plate ruled 
with concentric circles at a distance of of the 
sua’s radius apart, every fifth circle being thicker, 
. the 18th circle being divided into degrees, with 

cross lines through the centre to the font* cardinal 
points 0°, 90°, 180°, and 270° ) 

(2 ) The Indian photographs from the banning of 1878 
to the end of 1881 shoald be measured in dnpli- 
’ cate for those days on vtdiich ther4 aife fio ^oto- 
graphs ht Greenwich This work has been com- 
menced’ by Mr Lawrence. It will probably oc- 
cupy the whole fame of due person fbr 1& ikonlfts 
(3 ) Applicatum should be snade by the Committee for 
the loan of the Kew series of photographs, irf tfee 
Ely series, of Oamngfam’e original drawings, and 
of the ifioasures of areas from these drawings made 
“ by Messrs. De La EwSj Stewart, and Loewy, 
a view to a remeasurement either in whole or in 
part of the areas of spots and the measurement of 
fticulae. This work might be oonnnenoed after the 
completion erf the measurement of the Indian senes. 
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(2.) Indian Photographs 

The Indian photographs for dates subsequent to Jan. 1, 
3882, have been forwarded to Greenwich for reduction, and 
already the reductions have been published in the Greenwich 
photographic results as far as the end of 1887. 

The arrangements at Greenwich, however, would not 
allow of the reduction of the Indian photographs anterior to 
1882. An instrument similar to the one in use at Greenwich 
was therefore purchased by the Committee, and the reduc- 
tions were placed under the direction of Professor Lockyer. 
Only those photographs which fill gaps in the Greenwich 
series have been measured Of these, there are 41 for the 
year 1878, 23 for 1879, 152 for 1880, and 160 for 1881. 
AU these have been measured and the reductions are now 
ready for publication. 

Silver prints of the Indian and Mauritius photographs are 
mounted and bound in volumes, convenient for reference. 

(3.) Mauritius Photographs. 

There are photographs for 48 separate days from the Eoyal 
Alfi:ed Observatory, Mauritius, dating from Feb. 3, 1878, to 
Sept, 17, 1882. All these contain spots and fill gaps in the 
Greenwich-Indian senes. Of these, however, those for 1878 
and 1879 have no cross-wires. The dates are as follows : — 

1878. Feb. 3, 5. Sept. 5. Ho cross- wires. 

1879. April 16, 20, 21. July 11, 12, 14, 15, 16. 
Aug. 11, 28, 31. Sept. 5, 7 Oct. 11, 14, 17, 19. 
Hov. 8, 9, 10, 11, 16, 17, 29. Dec. 1. No cross- 
wires. 

1882. Jan. 10, 11, 12, Feb. 9, 21. April 29. June 
18, 19. Jnly 4, 6, 30 Aug 1, 5, 7, 13, 19, 28. 
Sept. 10, 14, 17, Wrth cross-wires. 

AU the photographs with cross-wires (1882) have been 
noeasured and reduced and the copy for press prepared. 

(4) MeWokme Photogrc^M, 

Since the end of 1877 (lie date up to which the list in 
the last report was made)l,261 photographs have been received 
fifom Md-bourne. Of these, 169 are for 1878, 176 for 1879, 
170 Sm: 1880, 1 90 few 1881, 204 fiw 1882, 154 for 1883, and 
203 for 1884 Many of them, however, contain no spots. 
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The follo'wio.o ®' liat^ of the dates of the photographs con- 
taining spot® which, will fill gaps in the Grreenwich-IndiMi* 
Mauntius series — - 


1878. Jan. 25, 26. June 1, 5. 

1879. Feb. 15. April 22, 23. May 9. July 1, 3, 
Oct. 8- 

1880. Jan> 9. Feb. 10, 14, 16. Mar 22. 


June 14, 25. July 6, 16, 17, 28. 
Nov. 18 Deo. 28. 

1881. Feb. 22. JMar. 26 June 5 
27. Sept. 3. Noy. 30. Dec. 29. 
1882 Jan 31. 

1883. Jan. 24. 


Aug. 


April 22 
6, 16. 


July 7, 20, 23, 


July 17, 18, 23. Aug, 4, 6, 29. 
Sept- 6. Dec, 1, 3, 31. 

1884. Feb. 19, 28. Mar. 4, 13 May 20. June 2, 5, 
18, 19. Jiily 1, 6, 7, 13, 15, 16, 23. Sept. 1, 14, 
26, 29. Oct. 24 Noy. 27, 30. Dec. 23 
The measnrements and reductions have been completed for 
all these, with the exception of fiye (1883, July 17, 18, 23, 
Aug. 4 and 6), which seem to haye been wrongly dated. 
The mistake^ could probably be rectified by companson with 
the Greenwich — Indian Series. These have been omitted 
from the reductions. 

In these photographs the cross-wires are at angles of 45® 
to N. and S. points 


(5.) Sydney Photographs. 

There are 146 photographs from Sydney for the year 
1881 and 17 for the year 1882 An examinatitHi of the 
photographs and dates shows that five of those foi; 1881 
were taken on days for which th^e are nb other photo- 
graphs. Xhe dates of these are as Mow:— 

1881. June 7, July 8, 22. August 31. September 2, 

These photographs have only one cross-wire and are all 
unvarnished- The cross-wire is out of focus and the limb fe 
ill-defined in every case, it has therefiire beea impo^hEc to 
make measures of any real value.* 

(6.) JLidion Phoiogfctphs. 

Since the year 187 8, the date up to whidi the list e& 
photographs was made in the last report, only 12 photc^rafdis 
^ve been received fimn Xasbcm. The ^tea are asMowi— 

1880. IVhiy 30. June 2, 23, 24, 25, 26, 27. S^ 15, 
30. Oofc 1, 2, 3. 
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Of these only that for June 26 fills a gap in the Green- 
wich-Indian senes The photographs have only one cross- 
wire. No information has been given as to the position 
angle of the wire An attempt to arrive at it (so as ^ to 
reduce the measurements) by a comparison of the spots with 
those on other measured photographs was not successful. 


q7 ) The Poughkeepsie Photographs. 

At the request of the Committee, Miss Whitney, of 
Vassar College, Poughkeepsie, N S., has kmdly offered the 
Vassar College senes of solar photographs for measurement 
and reduction. The following is a list of the dates of the 
photographs in this series for which there are no other 
photographs : — 

1872 June 6. Nov 1, is Dec. 7, 10 

1873 Jan 9, 14, 25. Feb 14, 20, 22, 25 Mar 13, 
14,17, 19. Apr 29 June 18. Oct. 10, 11,22, 
23 Nov 5, 6, 10, 14, 26, 29. Dec. 6, 15 

1874 Jan 10, 18, 20, 26 Feb 12, 14, 17, 18, 20, 26 
Mar 3, 4, 14, 21, 30 Apr. 2 May 3, 10, 13, 14, 
17, 23, 28 June l7, 21 Oct 9, 12, 24, 31 
Nov 10, 14, 19, 26 Dec 8, 10, 12, 15, 16. 

1875 Feb 1. Mar 4, 19, 22, 29, 30. Apr. 10, 15. 
Oct. 22. Dec 27. 

1876 Jan 21 

1877. Jan 14. Feb. 9, 13, 15 May 12. 

1878. Feb 6 

1884. Jan 16 June 9. 

None of these have yet been received. 


(8.) Cambridge Photographs 

Pref. PicWing, of Catiabridge, having kindly placed a 
series of sun-pictures at th| disposal of the Committee, a list 
of those which would fillhlank days was prepared The 
photographs, 118 m number, for days between Dec 9th,1874, 
and Aug 31st, 1875, Were sent to Londmi last year. They 
have been measured and reduced at Ghceenwich. With Pro- 
fessor Pickenng’s pernnssion, positives of all the photographs 
have heesn taken by Sergeant Kearney, R.E., at South 
Kensington, and these will remmn m the hands of the Com- 
when the ori^nals have been returned. 
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(9.) Record of Absence of Spots, 

On some days for which no photographs were obtained 
either at Greenwich or Debra Dun, Dr Meldrum records 
the absence of spots on the sun’s disc The following is a 
list of such days — 

1878 Jan 1, 2, 4, 5, 8, 12, 13, 16, 19, 20, 21, 22, 
Feb 2,9,10 Mar 10,21,31 Apr. 28, 29. May 
5, 7, 8, 11, 12, 14, 15, 19, 20, 21. 22 June 16, 23. 
30 Nov. 10, 13, 14, 15, 17 

1879 Jan 11 Feb 13, 27 Mar. 2 Apr 1,3, 5,6, 
9, 10, 11, 27, 28 May 2, 4, 6, 7, 15, 16, 18, 23, 
25, 26, 27, 30. June 1, 2, 6, 7, 10, 12, 13, 16, 
19, 21, 22, 23 July 8, 10, 21, 22, 23, 26, 2«, 31. 
Aug. 4, 5, 8, 14, 16, 20, 21, 26 Sept. 9, 11, 14, 17, 
18, 19, 20, 21, 23 Oct. 5 23, 24, 26, 28, 29, T,0, 
31, Nov 1, 2, 3, 21, 22, 23, 24, 26. Dec 7, 12, 13, 
14, 15, 26, 27 

(10 ) Days for which there is no Record. 

The following is a hst of days (1878-1884) for which 
there are no photographs and no record of absence of spots — 

1878 Jan 6, 24, 27 Feb 4, 7 May 26 June 7 
July 7, 14 Aug 18. 

1879 Jan. 12 Feb. 16 Apr. 12, 13, 14. May 8, 
11 20 June 8, 15, 26, 29 July 6, 13, 17, 19, 20, 
27 Aug. 3, 10, 17, 23, 24, 29 Sept 12, 28, 29 
Oct 9, 12, 13 Nov 4, 5, 30 Dec 25. 

1880 Jan 8, 18. Feb 8, 30. Apr 4, 6 June 13 
July 1, 7, 18, 25. Aug. 14, 15. Sept 19 
Nov Dec. 15, 25. 

1881 Jan. 2. Feb. 2. June 12, 26. July 10. Aug. 
7, 21. Dec. 25. 

1882 

1883 Mar. 11. July 30 Aug 6. Sept 2. Dec. 30. 

1884 Jan. 1 Feb. 3, 17 Mar Apr. May June 
8 July 21, 22, 29, 30. Aug. 30, 31 Sept 28. 

The Stonyhurst eun-pictures, which are drawn with the 
greatest possible csure, contain records of spots on the MJowing 
dates — 

1880. Nov. 21 

1881 Jan 8 April 24. 

1882, Jan. 30 

1883. Jan. 20. March 26. July 8, 22. Sept 11. 
Nov 11. 


0 52S44 


D 
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1884. Jan. 26. Mar 8. April 12, 18. May 10. 

June 10, 17. July 2, 14, 17, 18, 28. Aug. 19. 

1885 Dec 8. 

Spots were noticed, but not drawn, on March 2 and June 
19, 1881 

The areas of the spots are all being measured at Stony- 
hurst Observatoiy. 

(11) Large Scale Sun-pictures, 

In view of the presumed superiority of the 8-inch photo- 
graphs of the sun over the 4-inch, the Indian Government, 
together with the directors of other observatories possessing 
photohehographs on the Greenwich pattern, were requested 
to levert to the 8-inoh photographs 

This aarangement has been adopted by the Indian Go- 
vernment, Mr Meldrum, and Mr. Elleiy 

The regular series of photographs from Debra Dun, dating 
from November 11, 1882, are accordingly on the 8-inch 
scale, and in addition to these 12-inch pictures are taken 
when the atmosphere is exceptionally clear, or the sun-spots 
remarkable for number or magnitude. 

Those from Mauritius, dating from February 25, 1885, 
are also on the 8-inoh scale 

(12.) Discussion of the Reductions. 

The results of the reductions of the solar photographs are 
being carefully investigated at South Kensington with a 
view of tracing proper motions and distribution m longitude. 
Curves have been constructed to show graphically the phe- 
nomena recorded on the photographs, as far as areas and 
positions are concerned, for each rotation. 

Besides these drawings, the spots are being plotted out on 
a large white globe, about 30 inches in diameter The 
globe IS provided with two axes at ah inclination of 7® 15'. 
The mendian circle is divided mto degrees and half-degrees. 
There are two equators, corresponding to the two axes, and 
these are graduated m degrees and subdivided to 15'. One 
drcle represents the equator of the sun, and the other the 
echptic 

The areas of the spots are represented conventionally as 
follows, the Spots of area smaller than 50 millionths of the 
sun’s visible surface being neglected — 

• - - - 50-^200 millionths. 

+ - - - 200-500 „ 

A - - - 500-1,000 „ 

1^ - - over 1,000 „ 
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A groxip i.s represented as a single spot the latitude and 
longitude Tbemg taken as the centre of graTity of the group 
In the areenwich Speotioscopic and Photographic Eesults 
for 1886 and subseoLnent years the aieas and positions of 
spot-groups ^are collated foi the seveial days on which the 
group was vxsiblej and. the area and mean longitude of the 
group are formed with a view of facilitating discussions of 
the changes firom day to <i^y^ ^spot-group and the recogni- 
tion ot tiaose regions of the sun ^vhere spots form most 
frequently. 

The folio vising lists, &c. have been prepared in connexion 
with the wox-k done on tb.e globe — 

1. A list showing the mean areas of umhr^ whole spots 
and facular upon the sun’s disc fat eacli rotation of the 
snn from July 2^^ 1883, to December 30, 1884 
2 A table showing the his^r7 of a group of sun-spots in 
the southern heirnisphere in June 1880 

5 hist of spot-groups over 500 in area which aie within 

70 longitude of each othei, and having + latitudes 
(frona 1880 to 1S84) 

4- List of spot-groups ovei 600 in aiea which aie within 
longitude o± each other, and having — latitudes 
(from 1880 to 1884) 

(These lists give group^ itumber, date, longitude, latitude, 
and dmectioii of nnotion ) 

5. List of spot-groups ovei 500 in area in order of longi- 
tude and hawing -h latitudes (years 1880 to 188*4). 

6 List of spot-groups over 500 in area in order of longi- 

tude and having — latitudes (years 1880 to 1884)^. 

7. List of spot-groups over 500 in area within 5^ longitude 
and two months’ interval, ^ving the date, longitude, 
latitude, direction of motion, amount of motion in 
degr*ees, the number of days in which that motion tabes 
place, and the velocity in miles per day. 

8 List giving the moan hehographic latitude and mean 

distance from the equatoFof the spots upon the sun’s 
disc for each rotation between April 27, 187^ aud 
Decomber 3, 18S4. (This list was prepared at Green- 
wich.) 

9 List of the velocities of currents cairying spot materia, 

giving the number of the group and the yelodly lor 
thosei occurring in 1880 
10. Tables giving date, time, number of group. 

u 2 
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Longitade, Lahtude^ Area, and Velocity for Year 1880. 

The positions of the spot-groups over 500 in area for the 
years 1880-84 have been mapped on the globe at South Ken- 
sington. This enables the following data to be at once 
obtained 

1 The longitude and latitude (whether— or +) of the 

centre of gravity of the areas of the spots 

2 The size ot the groups, that is, whethei they are of 

areas between 500 and 1,000, or over 1,000 

8. The direction of motion of the spots 

4 Having got the longitude and latitude of a particular 
group , the date and number of groups may be obtained 
by referring to the list giving the spot-groups m order 
of longitude for the years 1880-84 

Solai Meridian 

The annexed table of Dates of Coincidences of the as- 
sumed prime meridian of the Sun with the central mendian 
of the visible hemisphere, prepared by the Astronomer 
Royal, has been forwarded to the various Solar observers 
with whom the Committee have been in communication. 
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Dates of Coinoidenoe of the Assumed Prime Meridian 
of the Sun with the Central Meridian of the visible 
Hemisphere. 


Date 

11 

ii 

Ci50 

Day of Year 
and decimal 
of Day 

Date 

Greenwich 
Civil Time 

Day of Tear 
and decimal 
^of Day 



d 

h 

m 

d 



d 

h 

m 

d 

1873 

July 

28 

14 

0,93 

208 6840 

1876 

Sept 

27 

12 

19,06 

269 6182 


August 

24 

19 

36,24 

285 8168 


October 

24 

19 

16,88 

296 8034 


Sept 

21 

1 

54,13 

268 0798 


November 

21 

2 

37,08 

324 1091 


October 

J8 

8 

46,20 

290 8664 


December 

18 

10 

18,06 

351 4292 


November 

14 

16 

2,07 

317 6681 

18176 

January 

14 

18 

19,92 

13 7638 


December 

11 

23 

38,27 

844 9849 


February 

11 

2 

32,43 

41 1069 

1874. 

January 

8 

7 

86,72 

7 8166 


March 

9 

10 

29,10 

68 4369 


February 

4 

16 47^2 

84 6679 


April 

5 

17 

38,68 

96 7362 


March 

3 

23 

60,02 

6l 9981 


May 

2 

23 

44,63 

122 9893 


March 

81 

7 

11,77 

89 2998 


May 

30 

4 

66,80 

160 2066 


April 

27 

13 

81,53 

116 6636 


June 

26 

9 

41,02 

177 4036 


May 

24 

18 

62,58 

143 7866 


July 

23 

14 

34,58 

204 6073 


June 

20 

23 

40,61 

170 9866 


August 

19 

20 

2,08 

231 8348 


July 

18 

4 

29,74 

198 1878 


Sept 

16 

2 

12,55 

269 0920 


August 

14 

9 

48,87 

226 4089 


October 

13 

8 

69,32 

286 8746 


Sept 

10 

16 

50,60 

252 6601 


November 

9 

16 

11,67 

8l3"6747 


October 

7 

22 

80,66 

279 9379 i 


December 

6 

23 

44^ 

^^•^9892 


Novetaber 

4 

6 

88,01 

307 2347 

1877 

January 

3 

7 

38,66 

2 3186 


December 

1 

13 

6,18 

334 6460 


January 

80 1 

16 

49, #1 

29 6693 


December 

28 

20 

66,44 

86l 8178 


February 

26 j 

23 

66,18 1 

«^'9974 

1875 

January 

25 

5 

8,47 

24 2107 


March 

26 

7 

27,21 

84 3106 


February 

21 

13 

18,49 

61 6610 1 


April 

22 I 

13 

68il8 

111^6^1 


March 

20 

20 

56,06 

78 8716 1 

# 

May 

19 

19 

28i03 

138^8111 


April 

17 

3 

40,83 

106 1630 


June 

16 

0 

19 J9 

166-0133 


May 

14 

9 

22, a 

138 3906 


/uly 

13 

6 

6,66 

19^-2123 


June 

10 

14 

19,60 

160 6969 


August 

9 

10 

17,92 ' 

220"^1 


July 

7 

19 

4,08 

isr 7946 ; 


iSept 

6 I 

16 

11,72 1 

2^-6748 


August 

4 

0 

8,79 1 

216 0061 


October 

2 

22 46,60 

274 9483 


AuguiSt 

31 

6 SUO 

242 2452 


October 

30 , 

5 

48^0 j 

302 2422 


I 



60 


Dato 

Greenwich 
Civil Time 

Day of Tear 
and decimal 
of Day 

Date* 

Greenwich 
Civil Time 

Day of Yeaa 
and decnnal 
of Day 


d 

h 

d 


d 

h m 

d ^ 

1377 Novomboi 

26 

13 13A8 

329 6610 

1880 August 

4 

10 48,38 

216 4503 

December 

23 

20 59,24 

356 8745 

August 

31 

16 81,60 

243 6907 

1878 January 

20 

5 4,99 

19 2118 

September 

27 

23 2,18 

270 9698 

Eebruary 

16 

13 16,82 

46 5633 

October 

25 

0 0,92 

298 2606 

March 

15 

21 5,69 

73 8790 

November 

21 

13 21,94 

826 6669 

April 

12 

4 1,94 

101 1680 

December 

18 

21 3,64 

362 8776 

May 

9 

9 54,36 

128 4127 

1881 January 

16 

6 6,20 

14 2126 

Juno 

6 

14 67,09 

156 6280 

February 

11 

18 18,62 

41 6646 

July 

2 

19 41,44 

182 8205 

March 

10 

21 13,86 

68 8846 

July 

SO 

0 40,97 

210 0284 

April 

7 

4 20,80 

06 1811 

August 

26 

6 17,22 

237 2619 

May 

4 

10 24,06 

123 4334 

Sept 

22 

12 87,13 

264 6268 

May 

31 

15 83,60 

160 6483 

October 

19 

19 29,99 

291 8125 

June 

27 

20 18,68 

177 8462 

November 

16 

2 46,37 

319 1166 

July 

26 

1 8,85 

206 0609 

December 

13 

10 23,35 

346 4829 

August 

21 

6 42,98 

282 2798 

1870 January 

9 

18 21,75 

8 7661 

September 

17 

12 66,29 

269 5384 

February 

6 

2 83,96 

86 1069 

October 

14 

19 43,34 

286 8218 

March 

5 

10 85,88 

63 4416 

November 

11 

2 66,30 

314 1224 

April 

i 

17 65,62 

90 7470 

December 

8 

10 29,73 

341 4373 

April 

29 

0 12,80 

118 0089 

1882 January 

4 

18 24,48 

3 7670 

May 

26 

5 31,96 

145 2306 

February 

1 

2 86,23 

31 1078 

Juno 


10 19,30 

172 4301 

February 

28 

10 40,84 

58 4450 

July 

19 

16 9,30 

199 6316 

March 

27 

18 0,66 

86 7666 

August 

4 

20 29,98 

226 8542 

April 

21 

0 87,83 

113 0263 

September 

12 

2 33,16 

25>li 1064 

May 

21 

6 5,64 

140 2689 

October 

9 

9 14,25 

281 3849 

June 

17 

10 66,19 

167 4667 

Noveuber 

5 

16 22,26 

808 6821 

July 

14 

16 43,65 

194 6663 

December 

2 

23 61,10 

386 9938 

August 

10 

20 57,73 

221 8734 

December 

30 

7 41,80 

363 S|03 

September 

7 

2 63,69 

249 1205 

L880 January 

26 

16 50,09 

26 6698 

October 

4 

9 29,00 

276 8961 

February 

22 

23 69,83 

62 9099 

October 

31 

16 38,10 

803 6897 

March 

21 

7 39,61 

80 3192 

November 

27 

23 58,41 

830 9989 

April 

17 

14 223 

107 6988 

Ileoember 

26 

7 44,78 

368 3228 

May 

M 

20 1,85 

134 8346 

1883 January 

21 

15 61,00 

20 6604 

June 

11 

0 57,61 

162 0399 

February 

18 

0 2,87 

48 0016 

Jtfcly 


6 42A0 

1S9 2377 1 

Marc^ 

17 

7 49,43 

76 3260 
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Day of Year 
and decimal 
of Bay 

Bate 

Greenwich 
Ciyd Time 

Bay of Tear 
and decimal 
of Bay 


d 

h 

m 

d 



d 

h m 

d 

1883 April 

18 

14 

42,24 

102 0127 

1886 

Bocember 

20 

7 48,64 

353 3255 

May 

10 

20 

32,80 

129 8661 

1886 

January 

16 

16 61,92 

15 6611 

June 

7 

1 

34,09 

157 0663 


February 

13 

0 409 

43 0028 

July 

4 

C 

18,56 

184 2629 


March 

12 

7 67,67 

70 8317 

July 

81 

11 

19,37 

211 4718 


April 

8 

15 1,80 

97 6262 

August 

27 

16 

58,20 

238 7071 


May 

6 

21 2,19 ^ 

124 8765 

Septem'bor 

23 

23 

19,07 

265 9716 


June 

2 

2 9,84 

162 0902 

October 

21 

0 

18,08 

293 2691 


Juno 

29 

6 5461 

179 2879 

Noveralber 

17 

13 

30,82 

820 6627 


July 

26 

11 60,60 

206 4985 

BeoeniTbor 

14 

21 

8,23 

347 8807 


August 

22 

17 22,26 

238 7288 

1884 January 

11 

6 

^,63 

10 2186 


September 

18 

28 SM7 

260 9887 

February 

7 

13 

19,87 

87 6666 


October 

16 

6 26,83 

288 2679 

Marcli 

6 

21 

20,61 

64 8892 


Noyember 

12 

18 39,66 

316 5692 

April 

2 

4 

87,67 

92 1928 


December 

9 

21 18,91 

842 8847 

April 

29 

10 

61,74 

119 4526 

1887 

January 

6 

6 9,63 

5 2160 

May 

20 

10 

8,72 

146 6727 


February 

2 

IS 20,70 

32 6660 

June 

22 

20 

56,40 

173 8718 


March 


21 25,44 

69 8927 

July 

20 

1 

46,26 

201 0738 


March 

29 

4 62,00 

87 2028 

August 

16 

7 

8,80 

228^2978 


April 

25 

11 17,48 

114 4706 

Septemloer 

12 

13 

13,96 

266 6614 


May 

22 

16 42,97 

141 6965 

October 

9 

19 

56,68 

282 8310 


June 

18 

21 82,64 

168 8976 

Moremlber 

6 

3 

6,86 

310 1291 


July 

16 

2 20,86 

193 0976 

Becem'ber 

8 

10 

36,69 

337 4414 


August 

12 

7 33,13 j 

»^81^ 

Beoemloer 

80 

18 

26,83 

364 7686 


September 

8l 

18 1^79 

250 6^1 

1886 January 

27 

2 

86,07 

26 1084 i 


Ocfteber 

6 

20 10,71 

^^8408 

February 

23 

10 

4498 

63 4479 


Norember 

2 1 

3 16,96 

8cnm 

Marcb. 

22 

18 

2^35 

80 7666 , 


November 

29 

10 ^37 


April 

19 

1 

1,74 

108 0429 ; 


December 

26 ; 

i 18 29,86 1 

»7707 

May 

16 

3 

38,64 

186 2768 , 

1888 

January 

28 

i 2 8403 


June 

12 

11 

32,98 

162 1812 1 

■# 

February 

19 

10 4B,03 

49‘*4600 

July 

9 

10 

18,21 

189 6793 


March 

17 

18 83,a 


August 

5 

21 

26,08 

2l6‘8931 


April 

14 

1 

104 06® 

September 

2 

3 

1461 

244 1361 


Muy 

11 ' 

7 10 J7 

1312991 

Septembet 

29 

9 

43.97 

271 4066 j 


June 

7| 

12 10,84 


October 

26 

16 

43,99 

298 0972 


July 

4 

i 10 6463 

m"7046 

November 

23 

0 

6,95 

326 0041 


July 

31 

m 6468 

212 9143 



02 


Date 

Greenwich 
Civil Tune 

Day of Year 
and decimal 
of Day 

Date 

M 9 

U 

h 

oo 

Day of Year 
and decimal 
of Day 



d 

7i m 

d 


d 

h M 

d 

1888 

August 

28 

3 37,20 

240 1608 

1889 May 

28 

2 45,55 

147 1160 


Sept 

24 

9 6931 

267 4166 

June 

24 

7 31,67 

174 3137 


October 

21 

16 66,24 

294 7060 

July 

21 

12 23,47 

201 6163 


November 

18 

0 18,^72 

322 0096 

August 

17 

17 47,81 

228 7416 


December 

15 

7 62,90 

349 3284 

Sept 

18 

23 64,77 

266 9964 

1889 

January 

11 

15 58 31 

10 6620 

October 

11 

6 38,80 

283 2769 


February 

8 

0 5,86 

38 0041 

November 

7 

13 48,89 

810 6766 


March 

1 

8 6,18 

65 3369 

December 

4 

21 19,69 

337 8887 


Apnl 

8 

16 1936 

92 6386 

1890 January 

1 

6 11,91 

0 2166 


Apnl 

80 

21 30,72 

119 8963 






Tue dates are given m Greenwich Civil Time, leckoning ftom midnight to midnight 
® 24 hours The day of the year and the decimals of a day^ 

reckoned from Greenwich midmght, January Id Oh ^ 

The assumed penod of rotation is 26 38 mean solar days 


W. H. M. Ohbistib 


Royal Observatory, Greenwicn, 
May 29 1886. 
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APPENDIX IV 

SCHEME FOR AN INTERNATIONAL COM- 
MITTEE ON SOLAR STUDIES 

(] ) Report hy Mr Locktjer to the Solar Physics Committee 
on a Visit to the Solar Observatories in Italy and France 

Some time ago I received instructions to proceed on a 
mission to Pans and Nice, in order to confer with the 
various astronomers on the aid which they might be willing 
to give the Committee, both by special obseivations and by 
suppling the Committee with their results at an earlier date 
than they could other wise be obtained 

In the interval which elapsed between my leceiviog the 
orders to proceed and my actual visit certain events took 
place which made it important that I should include Rome 
among the places visited. These were . — 

First — That in consequence of the delay in the con- 
struction of M. Trepied’s instrument he would not be able^ 
in spite of his expressed willingness, to commence obser- 
vations in less than a year. 

Second — That Professor Tacchmi, although he was 
willing to commence new series of observations both at 
Rome and Palermo at once, was unable to meet me at Nice 
at that particular time 

I, therefore, began work at Rome, arriving there on the 
6th Maich Here I spent some days discussing with Pro- 
fessors Tacchini and Respighi the various methods m which 
co-operation might be advantageously employed, and especially 
the kind of observations which we m^ht fully expect to get 
in the greatest abundance, in Italy. Professor Tacchini, who 
had studied the Committee’s report, expressed his agreement 
with the pnnciples laid down m it, and we drew up together 
the document which I here give which shows the assistance 
which the Italian observers, both at Rome and Palermo, are 
willing to render the Committee I may state that the Work 
1 elating to the lengtn oi tne lines m prominences is new, and 
it will go oh side by side with Ae old series of observations. 
The importance of the assistance thus offered to the Com- 
mittee will be obvious when I state that in the months of 
January and Fehiuary only one da/s observations were 
missed, while here we could only secure observations on seven 
days. We discussed the question of pubhcation. It was 
suggested, during the conversation, that it would be well td 
have for each day k combined picture giving spots and pro- 
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minences^ and even perhaps othei phenomena, such as the 
welling np of magnesium on the limb, on exterior concentric 
circles Professor Tacchini expressed himself willing both 
for the past and the future to indicate round a paper positive 
of the sun's disc, for each day, the positions, height, and 
forms of the prominences and such other information as might 
be deteimined on I have already forwarded to him paper 
positives so that, at a subsequent meeting of the Committee, 
this idea may be further discussed. 

Piofessor Eespighi expressed himself equally wilhng to 
aid the Committee, and we shall have no difficulty in obtain- 
ing from him observations, should he happen to possess them, 
on days when there are gaps in the other series 

Professor Tacchim, who had not long returned from 
obseiving the eclipse in the Caroline Islands, expressed his 
approval of that part of the Committee’s repoit which suggested 
concerted action, by civilised Governments, in the matter of 
Eclipse Observations (Report, page 63) He supplied me 
with a memorandum, which I also append, urging that it is 
not, even now, too early to take steps for concerted action in 
1886. 

The Itahan Government Solar Observatories from which 
we may expect observations are — 

1. Osservatorio Collegio Romano, Professor Tacchini 

2. Osservatorio Campidoglio, Professor Respighi. 

3. Observatory of Palermo, Professor Ricco. 

4. Observatory of the Casa Inglese on Etna. 

5. A corresponding observatory at Catania for simul- 
taneous observations at high and low levels. 

From Rome I went to Nice, where I arrived on the 1 1th 
of March. The observatory at Nice, which has been endowed 
by the hberahty of M. Bischofffaeim, is situated on a hill some 
miles from the town at an elevation of 1,000 feet Those 
parts of it which will he utilised for solar observations are as 
follows : — 

1, A siderostat, with a 9-m object glass of medium focus, 
and a Thollon spectroscope^of great dispersion Connected 
With this buddmg is a physical laboratory in course of 
erection, which will he furnished with De Meritens and 
Siemens’ dyndmo-eleCtrio machines, and other adjuncts for 
obtaining metallic spectra side by side with that of the sun. 

2. A magnificently mounted l6-in. refractor already in 
woriking order. 

^ A 28-in refractor in, course of construction. 
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The whioK had l>cen foreshadowed by Professor 

Taochini discussed and. a^eed to, so far as M ThoUon 

was conoe^rincd^ with the p3:roviso^ that it could not be com- 
menced n^xhil a I'esearch oxx 'fche Telluric lines, on which M. 
Thollon IS xrow engaged, ^mpleted. 

While I Nice IVt- Thollon was engaged, among 

other mattox'S, on a series of obsexv^ations begun last autunpm 
at the obsear^^atory of the <3.^ Midi, which is being erected 

by the Froixch Governmen.'fc for the use of the astronomers of 
Prance andL other countrieB tlie snmmer months On the 
summit, at; height of abont 10,000 feet, he found that at 
the motnexx*t of sunrise, aixd for one and a half hour after- 
wards, tho definition of tlac sun wan so perfect that the 
hydrogen stxrrounding each of the domes which Dr Janssen 
has sucoeedled in photograpbing could be easily ohserred on 
the 0 liixo ; so that on mowing the slit of the spectroscope 
along the Bixn, the 0 line no longer continuous, but was 

really builh tip of a seiie^ of sections of a mottled surface. 
This I obseryed many years ago during London fogs, hut 
such observations have not been recorded elsewhere, so ts^ 
as I can ronciember, until IVtM- Thollon and Trepied observed 
them on hbe Pio du Midi. M. Thollon finds at Nice that 
the time dLnring which tlxese delicate phenomena remain 
yisible after sunrise is restricted with reference to the Kc 
du Midi. Indeed, at least sometimes half an hour after 
sunrise tbey had almost vanished in consequence of the 
disturbed of the air. The moial of these observations, 

as it appeo^rs to me, is that we want a horizontal photoheho- 
graphsoncxe where, the higber the better^ to take a photograph 
of the surt on a large soS.e as soon as possible after sunrise 
pflch clear morning, and that th© naore delicate spedrosoiptc 
observations should be attempted at the same titee 

M. Perrotin, the director of the cbserratory at ffis- 

cussed witb me as to the best means of carrying on the 
stellai researches which tbey propose to inaugurate. M. 
Thollon bnd proposed a plan of facilitating the observa- 
tions by means of mirrors. It is not necessary to ^ve the 
exact detmls. I pointed ont^ however, that what we really 
wanted wns, above all things^ ^ight, and th^ the time had 
now arrived- when eye ohservations shonld give way to pho- 
tographic ones, and that if this principle were acc^ted the 
half million francs or moro whicli would be required ior me 
observatory would be saved. The conversation end^ by 
my suggesting an 8-feet mirror of from 40 to 60 feet focal 
lengthy witb a skeleton tube^ merely adapted for carrjrog a 
spectrosco]pe and camera^ tbe exposures in eitho! case being 
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made by magneto-electricity From subsequent inquiries 
made at Paris I find that such an instrument can be at once 
consti acted, and that its cost mil be less than one-third of 
the building which is to shelter the 28-in telescope. 

While at Nice I discussed with M Thollon the observa- 
tions of sun-spots which have been made here for the last 
five years I left with him a complete set of maps of the first 
200 observations, and he is engaged m studying the nature 
of the various lines reversed, with the enormous dispersion 
at his disposal This is an important control for which, 
personally, 1 am very grateful to him 

From Nice I went to Paris, where I arrived on the 20th 
of March My first duty here was to look after tlie photo- 
heliograph, the construction of which was undertaken two 
years ago by M Prazmowski 

I found that M J anssen, who had previously reported to 
me that it was nearly finished, had been entirely misinformed. 
Owing to the serious illness of M. Piazmowski, since last 
August, and the indescribable confusion which had arisen 
therefrom, several days were lost in trying to get at the 
facts At last an object glass was handed to me, without a 
cell, which it was stated was the one ordered by the Com- 
mittee I was also informed that the secondary magnifier 
had not been commenced and, dm mg M Prazmowski’s 
absence — and he is not very likely to leturn I hear— one 
could not he commenced 

I at once, therefore, went to the Observatory and begged 
bf Brothers Henry to aid me — ^Pirst, by testing the object 
glass and then by making a secondary magnifier should it 
turn out to he the nght one The Brothers Henry at once 
acceded to my request, and we spent part of the next day at 
Mont Eouge in testing the object glass We found that it 
had not been corrected for the photographic rays at all. I 
then made an additional appeal to make us an object glass 
corrected to G, as well as a secondaiy magnifier This they 
most generously oflPered to do by the let of June, putting 
aside more lucrative work to enable them to acoorophsh it. 
This step having been appro|^ed by Colonel Donnelly^ I then 
spent a day with M. Gautier m designing the body of the 
photoheliograph itself. The complete drawing, together with 
the estimate for 80/ , accompanies this report This includes 
a trappe of Dr. Janssen’s most recent form, which is of a 
very elaborate construction, and adapted for taking pictuceB 
at two seconds’ interval 6 F 

While these negotiations were going on, and after they 
-km t^rtomated, I sp^nt as much time as I could at 
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Dr Janssen’s observatory at Meudon, where every process 
was thrown open to me, and where, indeed, I took some 
photographs, following down to its most minute detail the 
mampulation which Dr. Janssen has found to be most 
satisfactory My stay at Meudon was in all respects very 
agreeable and instructive to me, and I must confess that it 
gave me great satisfaction to find,fiom time to time, that 
the Meudon plates gave no more signs of mottling than 
many plates taken at Kensington I think this seems to 
indicate that it is more the variable condition of the atmo- 
sphere than a constant climatic difference which is in 
question 

The greatest difference between Dr Janssens processes 
and our own are in the baths employed, their constant reno- 
vation, and the manipulation of the plate in the bath 

At present the pictures of 30 centimetres diameter are 
taken with an altazimuth with no wires , the orientation 
being determined by an exact record of the time at which 
each photograph is taken and the careful determination m 
the variation from true level at the upper edge of the plate 

At least three photographs are taken every day, one of 
which Dr Janssen has expressed his willingness to place at 
the disposal of the Committee to fill up gaps when neces- 
sary 

The strength of Dr Janssen’s observatory has recently 
been increased by the accession of M Trouvelot, whose astro- 
nomical drawings are so well known Part of his daily 
routine duties is to make daily spectroscopic observations of 
the chromosphere, and it may reasonably be expected that 
these observations will supply gaps in the Italian seriea 

Dr Janssen not only expressed his wilhngness to md the 
Committee, but suggested that the matter of puUioatMA 
which was dealt with m Piofeesor Taoohmi’s memorandum 
would he much aided, and economy of work and effort 
greater even than that brought about by oui own Committee 
would be insured by the creation of an international one, 
each observatory, not only supplying its observations fw a 
complete publication, but ^nds for the publication itself. I 
need not enlarge any further dh this point, as when I 
leaving Meudon Dr Janssen expressed hie intention to write 
a letter to the Comnuttee embodying his ideas at length 

I cannot complete thus report without stating to the Com- 
mittee the great sympathy with their work which I found 
everywhere, and the firm hehef warmly expressed by those 
whom I came across of the great value and economy of the 
oo-ordmated system of work which they have proposed. 
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I may add in conclusion that since I left Paris^ Captain 
Abney has taken advantage of a visit theie to inquire into 
the progress of the photoheliograph and he found that both 
the optical and the mechanical parts were advancing at the 
rate which had been promised. 

We may expect therefore that Dr. Janssen will be able to 
carry out his promised testing of the instrument early in 
June If the Committee consider it desirable that I should 
be at Meudon at that time I should be glad to go there. 

J. Noeman Lockyek. 


(2 ) Memo'i andum ly M TacchtnL 

A Palermo cornme k Eome on contmuera S observer les 
spectres des protuberances metalhques^ ainsi que les spectres 
rndtalliques dans les parties oh il n'y a pas de protub^ri^nces 
Ohaque fois on enverra k M Lockyer la description dn phd- 
nomene, tenant compte le mieux possible de la longueur des 
lignes observdes avec la fente tangente, comme on en use en 
Italic et^ s’ll est possible, accompagner la description de 
dessms pour les diffdrentes couleurs comme Ta fait autiefois 
Tacchini. 

II ne sera pas bon de divisei le travail pour les diflKrentes 
parties du spectie, car les diuptions m^talhques 6tant des 
ph&omenes d’une durde ordinairement courte, on aurait 
spuvent une observation incomplete. A Eome done, comme 
k Palermo, on devra parcouiir le spectre enfcier. 

II serait ddsirable que le mdme travail qifon fait k Eome 
et h Palermo avec des moyens parfaitement dgaux, soit fait 
aussi avec des appareils plus puissants, comme ceux dont 
disposent MM Thollon et Trdpied. Dans ce cas on pourra 
diviser le travail, c’est-h-dire faire Tobservation de la moitid 
du spectre k Nice, et de Tautre moitid k Alger. 

II serait ddsirable qu’outre les observations des spectres 
mdtalhques, que presque toujours on observe en bas, des 
observations soient faites mdme dans les protubdrances 
Ordinaires de quelque importance, c’est-^-dire assez hautes 
pour voir si Ton peut observ®: avec un spectroscope puissant 
des hgnes mdtalhques. 

H faut dtudier la mamere la plus convenable de publier 
le^ observations solaiTes directes et spootroscopiques, de 
manier# k rendre facile la comparaison et: Idtlide des (Jiffd- 
phdnojneues. 

Eope, 10 Mats 1884* 


PlETEO TaOCHIITI. 
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(3) •lanssevls Scheme. 

( Translation ) 

The English Oommittee on Solar Physics has 
honoured me by asking my opinion on the methods likely 
to promote the progress of the solar studies with which your 
Committee deals. .... 

I would have answered your invitation sooner had it not 
been for my desire to examine more thoroughly a subject of 
study which is common to us. But Mi Lockyer’s visit to 
Pans and the special invitation which that savant addiessed 
to me on your behalf have determined me to send to you at 
once the result of my reflections on this matter. 

After much reflection on the methods now employed in 
studymg the surface and the edges of the sun, either by 
means <n the eye, of photography, or of the spectroscope, I 
am more than ever convinced that these labours, which 
deiive their value fiom the uniform and contmuous nature 
of the observations, can no longer comply with the demands 
o£ science without the establishment of a concert or union 
between the observers. 

With the admirable means of study available in photo- 
graphy and the spectroscope, we can only succeed in producmg 
isolated senes, disconnected, and with gaps which deprive 
them of nearly all their value. 

What is true for the labours themselves is still more so 
for their publication DEvery one publishes accoiding to his 
means and his ideas of the object to be attained Hence 
pnbhcations dissimilar both in size and method. 

It thex'efore seems to me that the time has decide^ 
come wben observers, who deal witsh j^^ular ohsmwationg ef 
the sun, should combine their efforts and r€^ate tidr 
labours- This object would be attained by forming a 
Committee, to be termed "the International Committee on 
Solar Studies.” Its mission would be to examine best 
methods of observation, to promote their applimtion, to 
estabhsli a uniform plan, of observations, and finally to 

collect tbem. ' , ^ 

Observations — The Committee, after mvestagatalg the 
enstmg elements of study due to partimp^ ms^oM 
and observers, could make out a scheme of oh^Tatons m 
which each one would have the part accepts by him, and 
suitable to his tastes, his acquirements, and his meam 

This plan would comprise ocular, spectroscopy and 
photographic observatioBS. The Committee would en- 
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deavour to fill up as soon as possible the gaps which must 
inevitably occur at first, and with this view would either 
seek to obtain more adhesions, or to promote the creation of 
fresh centres of observation 

Puhlicaiiom — But it is especially in the way of publica- 
tion that the Committee would be of signal service to 
Science It could concentrate, calculate, arrange, and 
publish labours in such a manner as to establish, for each kind 
of observations, series as complete and lengthy as possible, 
utilising for the purpose all the observations of its members, 
and also, if necessary, those of outsiders, with their previous 
consent The Committee might even undertake to go 
backwards, and to re-constitute, with such data as might be 
found, a senes invaluable for a retrospective history of the 
sun. 

All the observations thus collected, calculated, and care- 
fully published would form collections of inestimable value, 
both for present workers, and for those of posterity. 

What should we not know now did we only possess such 
data relating to the past of the sun ^ 

As to the cost of such calculations, of reduction, and of 
publications, it might be met by contnbutions from each of 
the members of the Committee Individually this would cer- 
tainly be less heavy than the expense of a separate publication, 
and each member would thus enjoy the immense advantaoe of 
receiving the complete work of all his fellow- workers ^But 
there can be no doubt that m a near future such a Com- 
mittee, represen ling, as it would, the most eminent authority in 
this branch of study, would receive from Governments and 
societies supplementary funds that would enable it to con- 
siderably extend its action 

Such IS the proposal which I have the honour to submit 
to the savants who deal with solar studies. 

Should this proposal be accepted, it would be well, in 
the first place, to form the nucleus for the final Committee 
This nucleus, consisting of the highest authorities on the 
subject who, would be the founders of the undertaking, 
would examine the primary questions of organisation and 
framing of lules , after whl<m it would apply to all those 
who might usefully co-operate m various capacities, and the 
final Committee would then be formed- 

In wdfir that the Oommittee should really be of an mter- 
nalaonal character the only one that can secure for it 

numerous adhesions and enable it to attain its obiect it 

'wnaM be advisable:— ^ 

Tl»t the Pre84ent should be elected at each Congress 
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That the Congresses should be held alternately In the 
principal scientific centres where there are co-operators. 

That the publications of the Society should appear in 
several languages, such as English, French, German, Italian 
As the publication of these labours will chiefly consist of 
drawings and %ures, this would be very easy 

(Signed) J Janssen 

Observ.itory of Meiidon, 

16th May 1884 




o 52344 
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APPENDIX V. 

LetteiH on the Subject of a Conference on Solar Physics^ 

( Translation^ 

Registered No. 295573, 1885. 

Potsdam, May 28, 1885. 

An Asti onomical Congress will be held at Q-eneva 
from the 19th to the 22iid August, which I propose to 
attend, and have already written to that effect to Professor 
Schonfeld of Bonn I shall there explain my researches of 
the last few jears The printing of these researches will 
soon begin, At the end of the Geneva Conference I thought 
of remaining a few days longer in Switzerland, and it might 
be that I could come at the end of August to take part in 
the London Conference. 

I could only come to London, however, on the under- 
standing that my travelling and personal expenses are paid 
I cannot expect our Ministry to pay these costs, and do not 
know if they will be met on your part. If I get from you 
an assurance that they will be paid by you I would readily 
participate m the Conference, while this is doubtful I will 
express my views, in accordance with your wish 

The project of M. Janssen to the extent indicated, I hold 
to be unacceptable. The independence of the worker would 
be too much circumscribed, and this is injurious to fiee 
research Besides, those who like myself have been work- 
ing independently foi some years Would not be mchned to 
make themselves dependent on the Committee 

Only m one lespect can I regard the institution of a 
Committee as desirable, viz., for the publication of charts 
similar to that of which I enclose a proof. The scale might 
be somewhat larger Respighi has issued such charts, also 
P Secohi for some years I should like, however, charts 
like this one accordmg to the hehographic breadth of the 
protuberances When once it is determined what scale is 
to be used, each observer cWd prepare himself a drawing 
accordmg to it, which could easily he lithographed in the 
row to which it belongs The name of the observer should 
be added It would not be without advantage if several 
observations are subjomed for the same day in order to 
determme the variations and to fix periods , this being spe- 
cially desirable when a spot is fonnd on the extreme edge. 
I, myself have many observations which have not yet been 
published, and which I might send. One must begin with 
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the year 1870. I will not enter specially into the advantages 
of such chaits but mention one only. It is very important 
when the piotuberances in the region are further north or 
south if theic is simultaneously a spot on the extreme outer 
edge I have given many oases in which the protuberances 
had a contrary direction oi appeared in the region as 
divergent clusters This had not been noticed. 

The compilation of the materials of obseivations in the 
manner indicated I would entrust to the Committee, but 
nothing further. Their use and manipulation must be left 
to individuals, on their own responsibility, and not be invested 
with the authority of the Committee 

The compilation of the sun-spot regions (directly observed 
with a telescope or taken by photography) I would not 
entrust to the Committee nor yet tho computation of the 
regions. As to the “ rotation elements” no agreement need 
bo expected in the near future, their computation, also, 
must be left to individual observers For observation no 
definite principia aie followed. Faye laid down in the 
Oompte Rendu that the mcasuiement should be from the 
Dawes dark point in the nucleus, but i'aye hnfiself is not an 
observer, and consequently cannot know that bis proposal is 
not practicable If a large spot has several nuclei one 
observer measures the centre of the whole spot while another 
seeks out the largest nucleus, and finds nothing to refer the 
variations Such published observations as these I cannot 
use for my reseaiches. One must have regard for the varia- 
tions, especidUy if one wishes to contemplate a particular 
spot as identical with a spot of the following rotation penod. 
The centre of a lately affected amearance , in, the fesf 
rotation period is not identical with the centre of* a snuiller 
spot of the second period, and if one considers them as iden- 
tical there will at once be a too deep parallax. My observa- 
tions which I am about to publish ^utam a confirmation of 
my former deep paiallax (including refraction), viz , &e 
sectional Accordingly a correction belongs to the caleulafted 
regions, and is necessary. , 

For the prosecution of resaiiuhes for the exact deto- 
mination of £l and *, I would observe tiiat it camiot be 
expected that out of the discussion of a very lArge hdmher 
of spots the right elements can he fotmd, but one has to pick 
out those which are preferalWe A gOod result would follow' 
if it weie assumed that the difference in the vaxiatioit of 
longitude arises, if one takes a heaifly similar^ number of 
spots in both hemispheres. My researches (which are nOt 
published) show that the northern hemisphere in reSpect to 

n 2 
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the variation of the heliographio longitude is different from 
the southern hemisphere, and the difference is more specially 
marked between 0° and 10°. ^ 

In the Conference it would be well to arnva at an under- 
standing that everyone should so publish his observations 
that they could be used with (acility The distance and 
positions angle must be given In the Greenwich observa- 
tions there are given the distance from centre and position 
an^le from sun’s axis. The last-named I cannot use, and 
must go backwards to find the positions angle for the 
direction of the earth’s axis in order to find the point from 
which to reckon my constants 

I should like, too, if an understanding could bo come to, 
to reckon solar observations in the civil fashion, so that, for 
instance, the heginning of June 2nd should ho not at midday 
but the preceding midnight, and that midday of the 2n(l 
June should be denoted by 2,600 

A discussion of the rules foi suiface moasiiiomcnt (area) 
is much to be wished foi, for it is only probable that ono_ lias 
in aiea a reliable measure. I have thorofore dotorminod 
frequency after another iirinciplo. 

Respectfully yours, 

(Prof.) De. Sl‘OKKKtt. 


( Translation.') 

Registered 2To 29,523, 1885. 

Sir, Zurich, 30th May, 1886 

I don’t think my ago and occupations will allow of 
my being present at the proposed Conference, but T need not 
tell you that I take a warm interest in the project for the 
centralisation in a manner to be agreed upon, of the efforts 
of the various wants who occupy their time in the study of 
our sun 

Such a centralisation is absolutely necessary for the figures 
taken by the aid of photomaphy and spectroscopy and per- 
haps also for micrmetnc determinations of the positions of 
sun-spots — since relative observations have been u|) to the 
present time made without the necessary ttmformit;f. It 
would unquestionably be of the greatest importance if it were 
possible to unify the results obtained, to equalise them, and 
publish them in a uniform manner In this iftspcct I 
adhere to the vievfs and proposals Of M. Janssen which you 
have communicated to me. 
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For eye observations, and specially for the enumeration of 
sun-spots, I think I have already done what should be done 
for photographic, spectiosoopic, and micrometric observations, 
for there will be found united in my penodical “ Astrono- 
mische Mittheilungen ” both all the materials which have 
come down from past ages and the results of the regular 
enumerations obtained by various observers in own time — 
not only mdividual observations, but also the homogeneous 
senes that it has been possible for me to compile with an 
enormous amount of toil I do not believe it will be possible 
to do anythmg much better, and I am ready to go on with 
this arrangement and with this publication to the end of my 
days. If there exists series, which it has been impossible for 
me to classify with others up to the present time, because I 
have not known them or had them, I am still ready to calcu- 
late and publish them as soon as they are sent to me 
Yours very sincerely, 

(Signed) R. Wolf 


( Translation ) 

Registered No. 29,963, 1886 

M. LE Pbesident, Rome, June 4, 1886. 

I am in receipt of your kind invitation to the meet- 
ing 0^ the Solar Physics Committee, and desiring to take 
part in it, I have asked my Government for permission to do 
so But as I must be present at the meeting of the Inter- 
national Committee on Meteorology meetmg on the let 
September at Pans, I could only Stay in liOadoa a v«y 
fevv days, viz, from the 26th to the 80th August ^ In the 
event of the meeting being held before this, I will com- 
municate ndy views by lettei to the Committee I ought, 
however, at once to state that I am not inclined to such 
a society as my illustnous friend M. Janssen pyses, for 
I do not think the undertaking practicable Those who 
occupy themselves with Solar 'Physics are very few m 
number and we hardly know each oAer At pr^nt it 
would suffice to entrust the English Committee wite the 
task of improving the study, as it tends to do, and of pub- 
lishing anment and modern observation with the or 

the Committee assisted by the different Goveram^ents These 
funds should not be employed for meetings in the pnnoipal 
scientific centres. 
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The Committee should I think at present bo permanent, 
and if necessary to call meetings, theio is nothing to do but 
summon afresh to London those who really pursue the study 
of Solar Physics 

Yours veiy faithfully, 

(Signed) E Tacohini. 


{Translation,) 

Eegistcred !No. 30,077, 1885, 

Astro- Physical Observatory^ Potsdam, 
June 5, 1885. 

In reply to your honoured letter of the I9th May, I beg 
to state that I am not at present m a position to state posi- 
tively whether I shall personally be able to attend the 
proposed Conference in London between the Solar Physics 
Committee and various foreign scientific celebrities. The 
time selected, viz , end of August would at one time have 
suited me well enough, If I cannot come myself, perhaps 
I can send in my stead Professor Sporer or Dr. Lohse, who 
hold appointments in the Astro-Physical Observatory at 
Potsdam undei my direction 

Generally, I may remark that I am in sympathy with the 
objects of the Committee in harmonizing the action of solar 
observers throughout the globe with reference to the arrange- 
ment and publication of their observations, and that I will 
readily support their endeavours with the rich store of 
instruments at the disposal of the observatory. 

Eespectfully yours, 

(Prof.) Dr PI. C, VooBn, 
Dmeotor of the Astro-I^hysical Observatory, 

The Secretary, 

Solar Physios Committee. 

- — ^ 


Eegistered No. 30,075, 1885, from A. Schuster, Esq., 
PkD,P.ES Letter dated 6th June 1885. Hopes ho 
wiU be able to attend the last 10 days of August**^ 
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Eegisteve^ No. 30,205, 1885, from Professor RiocO, of 
Keale Observatorio, Di Palermo Letter dated 8tli June 
1885. “ E^xpresses his desire to attend, and has addressed 

“ an on the subject to the Italian Glovernment.” 


Registc^^^d No 31,661, 1885. 

Piinceton, New Jersey, tJ.S.A., 
gjjj 10th June 1886 

’ I have duly received yours of May 1 9th, and sin- 
cerely regret that it wiU not be in my power to attend the 
proposed meeting of men of science engaged in solar research 
I hLrtily approve the plan, and am greatly honoured by the 
invitation to be present, but family considerations make it 
impossible for me to go abroad this summer. 

As regards the scheme of Di Janssen, while I have not 
time as yet to examme and form an opinion upon every point 
involved, I think it on the whole a very admu-able one , 
one which, would secure a rapid increase of Pur knowledge. 

I should be happy to co-operate with the proposed 
“ Comit^ internationcd des Studes solaires’' to the extent of 
my ability. 

The only difficulty I feel relates to the pecuniary resources. 
I could not promise any considerable contribution fiom my 
private means, and at present I have no other funds in my 
control "Were such a Committee formed, however, I should 
have some hopes of being able to obtain a grant from_ the 
University to supply my quota , but I am not in a position 

to make absolute promise. 

I am, Sir, 

Very respectfully,^ 

Your obeffient servant, 

(Signed) 0. A YotrarG, 
Professor of Astronomy. 

Prank E. Fowke, Esq , 

Secretaxy to Solar Physi<» Committee. 

W~~ 

Eegistexed No. 31,699, 1885. 

Harvard College Observatory, 
Cambrige, U.S , 

g 11th June 1886. 

’ Tonr letter of May 19th has been duly receiv^ 
Other occupations will depnve me of the pleasure of attend- 
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ing the meeting to bo held for the introduction of improved 
methods m solar research. I entirely approve of co-opera- 
tion in such matters, but it is probable, as was explained in 
my letters of February 26th and November 3rd, 18H4, that 
the chief part in the proposed work which can ho taken 
by this obseivatory, at least unless its funds should bo 
increased, will consist m furnisliinff for moasuremont such 
photogiaphs from the sorioa formerly taken hero as may ho 
thought most useful in dlling gaps in other roMiitk made 
between 1870 and 1876 inclusive. 

With regard to tlio plan of co-oiicration jiroposed by 
M. Janssen, it only occurs to me to suggest that tiui (kim- 
mitteo superintending the work might advautagooimly ho 
connected with the International Association, the forniation 
of which has been proposed at recent meetings of the British 
and American Aspooiationa for the advancemout of Hoicnce. 

Yours rcspoctfully, 

(Signed) EkMUNJO 0. PlOKKaiNO. 
Frank Eede Fowko, Esq., 

Secretary to the Solar 
. Physics Committee 
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appendix vl 

Circular Letter to directors of S'olar Ofiservatona on Liter- 
luitwnnl Co-op(‘t ation. 


I hsivc already had the honour of communicating 
with you on the Huh.ject of mtornationid co-operation m the 
making and publication c>f Solar ObHervations 

In my last letter I ettatod that it had been nocossaiy to 
abandon the proposed conference on account of the difficulty 
of fixmg a tinao which would bo gonorally convenient. The 
object which the Solar Physios Committee has in view, at 
the present time, ia to ©ndeavour to see therefore whether 
the desired co~operation cun bo brought about by means of 

correspondence. 

The labours of the Oommitto© both before and since the 
date of my last letter have resulted in arrangements which 
may be expected to secure a solar photograph on a scale 
of at least 8 inches to the sun’s diameter tor every day 
in the year. GChes© photographs are taken at Greenwich, in 
India, Mauritius, and Australia 

Arrangements have also been made by which the reduc- 
tions of these jiliotogiapha hi o undertaken by the Astronomer 
iloyal , these reductions include holiographic latitudes, lon- 
gitudes, and areas of spots, and also positions and aieas of 
faculse, the areas being stated in millionths of the sun’s 
visible hemisphere 

For these reductions, the solar rotation of 25 '38 
solar days is taken, and tlio assumed prime meridian is that 
adopted by Cnrrington, so that the reductions made at the 
present time arc based on the same data as those assumed 
in Carrington’s series 

The Solar i^hysios Committee are willing to take such 
steps as will enamo them to place these reductions m the 
hands of all solar observers at thp earliest possible moment, 
and if adequate co-operation can. be secured, they believe 
they will also bo able to supply copies of the daily photo- 
graphs. 

The Committee believe that if this information could be 
placed m the hands of observers at an eaily period after the 
day of observation, much time now spent in detei mining 
positions of spots whether from drawings or photographs 
might be saved for other inq^uiiies. 
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ing the meeting to be held for the introduction of improved 
methods in solar research I entirely approve of co-operar 
tion m such matteis, but it is piobable, as was explamed in 
my letters of Februaiy 25th and November 3rd, 1884, that 
the chief pait m the propoaed work which can bo taken 
by this obseivatory, at least unless its funds slionld be 
increased, will consist in furnishing for measurement such 
photographs from the senes formerly taken here as may be 
thought most useful in filling gaps in other records made 
between 1870 and 1876 inclusive 

With regard to the plan of co-operation projjoaed by 
M. Janssen, it only occurs to me to suggest that the CWn- 
mittee supenntending the woik might advantageously be 
connected with the International Association, the formation 
of which has been proposed at recent meetings of the British 
and American Associations for the advancemcni of Science, 

Yours lospectfully, 

^ , -r. . (Signed) Ebmotb C. rioraEIN0* 

Flank Eede Fowke, Esq,, 

Secretary to the Solar 
„ Physics Committee 
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Circular Lcttei to Directors of Solai Ohsei vatones on Inter- 
national Co-operation 


Sir, 

I have already had the honour of commumeating 
with you on the subject of international co-operation m the 
making and publication of Solar Observations 

In my last letter I stated that it had been necessary to 
abandon the proposed conference on account of the difficulty 
of flying a time which would be generally convenient 1 he 
object which the Solar Physics Committee has in view, at 
the present time, is to endeavour to see therefore whether 
the desired co-operation can be brought about by means of 
correspondence 

The labours of the Committee both before and since the 
date of my last letter have resulted in arrangements which 
may be expected to secure a solar photograph on a scale 
of at least 8 inches to the sun’s diameter for every day 
in the year These photographs are taken at Greenwich, in 
India, Mauritius, and Australia 

Arrangements have also been made by which the reduc- 
tions of these photogiaphs are undertaken by the Astronoraei 
Hoyal , these reductions include hehographio latitudes, lon- 
gitudes, and areas of spots, and also positions and areas of 
fdculse, the areas being stated m miUionths of the sun’s 
visible hemisphere 

For these reductions, the solar rotation of 2S '38 mean 
solar days is taken, and the assumed prime meridian is that 
adopted by Carrington, so that the reductions made at the 
present time are based on the same data as those assumed 
in Carrington’s series 

The Solar Physios Committee are willing to take such 
steps as will enable them to place these reductions in the 
hands of all solar observers at % earliest possible mom^tj 
and if adeqoate co-o{>erafion can be secured, they believd* 
they will afso be able to supply copies of the daily photo- 
graphs , 

The Committee believe that if this mformattmi could be 
placed in the hands of observers at an early pmriod aftCT the 
day of observation, mufch time now spent in detei mining 
positions of spots whether from drawings or photographs 
might be saved for other inquiries 
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The Committee could at the same time distribute, for 
general information, the observations of the most widened 
lines m sun-spot spectra, which are secured on every possible 
occasion at Kensington 

These two branches of the work, however, by no moans 
meet our scientific needs 

The positions, heights, and chemical constitution oi all 
prominences, whethei metallic or not,_and of all wollings up 
m the chromosphere, are perhaps as important as the posi- 
tions, areas, and chemical constitution of the spots. 

The observations of both series of phenomena will ac- 
quire a ten-fold importance the moment they are strictly 
co-ordinated, and reduced on a uniform plan, and the 
Committee believe that daily registry of the Solar Phonomonit 
cannot he considered complete untd aU ohsorvations have 
been discussed 

A aHiTming that this view may commend itself to thoso 
who now cany on solar observations, tlio Oommittoo have 
contemplated the possibility of this latter class of obsoi yations 
being sent to them, so that they may ho pnblislied with the 
data which they already possess relating to the spots for the 
same period. 

If this were earned out there would be an international 
bulletin giving the reduction on a uniform plan of all tho 
observations regularly made every day, of all solar phenomena 
which it may he determined to photograph or obsorvo. 

^ch a regular chronicling for general use of ordinary 
phenomena would of course m no way interfei*e with any 
special researches which might bo undertaken in conneauoa 
vrith any one of them. 

Accompanying this letter is a suggested form of bulletin, 
indicating, in a rough and preliminary manner, tho kind o£ 
way in which such information may be brought together. 
The Committee will be obliged if you will favour them with, 
your entioisms or suggestions. 

They would also inquire if you would bo prepared to 
associate yourselves with them in carrying out such a 
scheme ; and if so, what class of observations you would bo 
prepared to make and forwtcd regularly to the Committee. 

To facilitate any woric whioli you may bo prei>arod to 
undertake in this subject I enclose a table drawn up by tho 
Astronomer Royal giving the dates of comoidonce of 
Carrington’s assumed prime meridian of tho sun with the 
centacal meridian of the visible hemisphere up to the end of 
the year 1889 

l^ally, as there would neoessaniy be expenses attendant 
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on the issue of such a bulletin, I am directed to observe 
that if there is any fund at your disposal from which a pio- 
poitional pait of such expense might be contributed, or if 
you were able to subscribe for a ceitain number of copies of 
the bulletin, at a price to be fixed heieafter, it would assist 
materially in giving practical effect to the proposed scheme. 
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APPENDIX VIL 

Report by Professor Lookyer on the Relation of the Sun 
to other Celestial Bocbes, being conclusions based on 
the results of work done at South Kensington 

(1.) Labor atory Work 

The laboratoiy work has consisted of — 

(1 ) Experiments upon the spectrum of carbon 

(2) Experiments upon the luminous phenomena of tlio 

various metals volatilised in the Bunsen buinei and 
m the oxy-coal-gas flame, as compared with the 
phenomena seen at higher tempeiaturea 

(3 ) Experiments upon the spectrum of magnesium at low 
temperatures 

(4.) Experiments upon the glow of sodium and magnesium 
in vacuum tubes. 

(5) Experiments upon conditions under which the C 
and F lines of hydrogen disappear from the 
spectrum 

f6 ) Observations of the spectra of meteorites m the oxy- 
coal-gas flame. 

(7.) Observations of the spectra of meteorites when made 
to glow in vacuum tubes 

(8) Observations of the spectra of meteorites at the 
temperature of the quantity spark without jar. 

(9 ) Photographic comparisons of the solar spectrum with 
the spectra of meteorites in the electric aio. 

(2 ) Observatory Work. 

The 10-mch equatorial has been employed in conjunction 
with a small star spectroscope for the observations of the 
spectra of stars and nebulae Attention has been chiefly 
directed to the differentiation of stars, like the sun, which 
are cooling from stars at a nearly equal temperature which arc 
getting hotter For this pai^icular inquiry the observations 
which h^^e been published by other observers are not suffi- 
ciently detailed to enable the necessary criteria to be detei- 
mined Hitherto only one line of temperature, and that a 
descending one, has been considered by observers. 

Detailed examinations have been made of nearly 30 stars, 
the hues bemg directly compared with lines m the eleotnc 
sptirk and Bunsen burner in each case. 
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(;{.) €linitnti Vmrbnimf^ 

Tl»e cinit'ltHkdH with Hyinl t«» lli« »«Hn an* in » 

g«m*ra! N*li«i»»* wirKtii «‘«»W «'< ♦ hU iIji* t!i'U*4iil iaMtisia with 

whirh w*' »r«* mnitiHiiiJ**'* 

Thi* III *•** »»' : 

(1.) Ail -lif-hintiit**** ' h'i'lii ^ i« *|*4»*i* an* I'uinjHwwl of 
of -* Ml' nw^'O'iiif iiH-fi*nritH* vftjKHir 

ItKiltu’wlli,'. thi'h'nl hrottglit ahitit Ity rmtileiiMii- 
«*f im't»'*-i’ ■♦» ‘MU'* ilui' to jitravity. 

(•i.) Ti«** aiM'i'tm •»<’ l«**ih'* ili'iifiMl u|Hm tilt* 

f»t’ tin* III# {»f»«}ui*«*<l liy t'lilliaiinii*, luitl 

I Im* in. i*r'*g«* • |w* *' i*’‘l wi'f'ii f h»* romjKwtng 

till* jiuiimi t III. ill till* »’ »"i' Ilf nmufiiiiltiting viipin*- 
• »«*. tipnii till* tiini* whitth him olttjwwl Hliicie 

(ti.) Ilf ihi! taiaittrii by mllWona 

in tii'iiuitti »»* ti»i' iwi i'aiw'il *' iiiwr'i ’* '»iili lirtgirt line 
»*j«Tlra w»ll»»*nt tin* C* fttui F litiw nf hytlmgi'n^ ami 
ill I'lMiwt# «kiW4y JnwM prilwllnn, i» nbout that uf 
thn hurnff. 'lii« {irinoiiml linw »i»*n In 

tliwi **iMi la* ftnirmlwiwl in the lalmmtnry 

nKjairlmeiih'. 

(4.) Th** tei«{«*r»Htrn »*f ttrlmiw «ml niinUaf conchmwng 
' ’ Mwantis ia fhitt wf llw i»xy cihiI*^ flwm*. 

(r» ) 'rlin next at-igi" in th« ^■omh»H>^tttUlH of a awami Ixjfam 
'* ^ «*irt«j»li‘tn vi4i*»»i’i*«*tinM ix n*jin*M*nt«i by such 8t»«i 
III* * 'fauri* the temjieriitnrii iif which tlowt not 
♦lltihr greiillF Iwiwi that ftf the awn. 
ffl.i I'wnttJete tl» awattuiln retawiwtw ly 

utiiw liki* Veji^ twfttl fliriui, in whitw llttl© hut 
liyilnwen almufjithitt hi wen* 

a i The ttrnt iimi ki*il stag** in ihw aiilMmqmmt VKtlluf to 
^ rf{in*w*nt«*l by like tlie Bun, Cif«U«h 

fH ) YIm* l»#t atuiie i»f ewltog I'ri** to entire Ioib ok 
^ inherent Iwtniiwnity U mim'ncmtml bv stawof tte 

same ty|i« ti* 133 .%l4ehtt|», where tliew to malnty 
the nfeiirhim Vft{X)UP. 


( %.) Ni>to »/ (Mestial /fiwh’s*. 

AWM»tigh nohulfle wwl wMneti have hitherto bew regattM 
iw titinan n«i«Hltoti«**,tf««wrt»r4, tlito dtotinetton w no longer 

# All 0f bo4iOft 
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have been based on the assumption that this diffoi’enco 
existed, and that all the stais wore cooling, but it in obvious 
that they must give way if there bo a lino of increasing as 
well as a line of decreasing temperatures ; that is, if somo 
stais are getting hotter whilst othcis arc getting cooler, ft 
has now been demonstrated that the old Class III«. stars arc 
meteor-swarms which will ultimately develop into stars of 
the a Lyrse type, and that the Class III 5 . stars have passed 
through all the other stages It is clear, therefore, that these 
two emsses cannot possibly be successive stages of develop- 
ment of the same type, nor is it possible to conceive that they 
are diferent types of the development of any one stage, as 
Vogel’s and Leuchi’s classifications suppose. 

The general classification suggested by the work at 
Kensington is as follows — 

Group I — Eadiation Imes and flutin}^ predominant, 
absorption begins in the last species. Nebulas, 
comets near aphelion, and the so-called stars with 
bright-line spectra are includctl in this group. 

Group II — Mixed cat bon fluting radiation and raetallio 
fluting absorption predominant. This group corre- 
sponds to the old Class Ilia., and also includes some 
comets near perihelion. 

Group III — Line absorption predominant with increas- 
ing temperature The moie advanced menibois of 
the ^oup will have the simplest spectra. One 
division of the old Class Ila., stats fall in this 
group. 

Group IV — Simplest line absoiption (hydrogen) predo- • 

minant This group correspouds to the old Class I 
and includes only the very hottest stars, like Sirius 
and Lyrm 

Gioup F— Line absorption preclominant with deoroas- 
mg temperature Those stars of Class Ila, which 
do not fall in Group III. will fall in this group, 

Group VI — Carbon absoiption predominant 'This group 
corresponds to the old Class II 15 . 

Group FJI— Dark planetary bodies In this new 
classification there are several fundamental depar- 
tures from previous ones. As far as ’ solar physios 
IS conoerned, however, peihaps the most important 
is the division of the old Class Ila. into two groups, 
one representing increasing and the other feneas- 
ing temperatmres On the ascending side of tlio 
temperature curve the vaiying volatilities of racteo- 
ritic constituents brought out by successively higher 
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tempeiatures are in question, whilst on the descend- 
ing side of the cuive the spectra will depend upon 
successive chemical combinations rendered possible 
by a gradual redaction of temperature in a gaseous 
mass. 

The spectroscopic observations of the lla. stars have 
hitherto been made on the supposition that all of 
them were cooling bodies, so that no effort has 
been made to establish the necessary criteria. The 
spectroscopic criteria which will enable observers to 
assign any particular Class lla stars to either 
Gf-roup III. or Group Y , as the case may be, of the 
new classification have recently been determined by 
work in the observatory 

(6) Tests. 

As a test of the truth of the hypothesis, Mr. Lookyer 
shows how it hears the strain put upon it when it is used to 
indicate how the groups should be stdl further divided, and 
•what specific diifferences may be expected. Thus, the first 
species of Group I. will mclude the least condensed swar^is, 
and succeeding species will mclude the more condensed ones 
The last species of all will consist of the hottest of the stars ” 
with bright lines, like y Cassiopeise. In passing thiough 
this series^ the spectroscopic diffidences observed between 
the different species are just what would be expected on the 
supposition that meteorites at gradually increasing tempera- 
tures are in question, and the general hypothesis is thus 
^ greatly strengthened. 

It is also shown that if the next gtoup (Group II.} be 
discussed in a similar manner, tie same oonnluision is ar^ved 
at The actual spectroscopic dififerenoes observed are exactly 
what they would be in a condensing swarm of meteorite 
with a gradually mci easing temperature. The 297 stars of 
this group which have been obseived by Duner have been 
divided by Mr. Lookyer into 16 well defined species, the 
first beginning where the last of the preceding gronps 
off*. 1 

The subject of variability, as far as it is assodated with 
the stars which Mr, Lockyer has shown to be unoondensdj 
meteor-swarms, was also considered at some length m the 
Bakerian Lecture Mr. Lockyer’s explanation of Wiabili^^ 
is olosdly allied to that of Newton, who ascribed the increase 
of brightness to the appulse of comets 

According to Mi Lockyer, however, the variability in this 
class is produced in the simplest case by the revolution of a 
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small meteor-swarm round a centml one, the maximum 
occurnng at periastrion The greater the eeeentricity <*f 
the orbit of the revolving swarm the greater will hi* the 
difference bet-ween the luminositj at maximum ami that at 
minimum Variables of this group are thewfore to he 
regarded as incipient double stars, the invisibility of the 
companiou being duo to lt8nearno8«i and the primary, or to its 
faintness The question of variability affords sovorat testn of 
the general hypothesis According to the Iiypothesis, Mtars 
of Group II. ought to be more subjeol to variability than the 
other groups, and, as is well known, this is the eaw*. Vsiria- 
bility ought also to bo most common in tho swarms with a 
mean condensation, for the reason that at first the meteorites 
are too sparse for many collisions to occur, ami that finally 
the outliers of the central swarm are drawn within the orhit 
of the revolvmg swarm, so that there arc very few additiitnal 
collisions at jieriastiioii. A disciissiou of tho rccortimi 
observations has shown tliat this is the casi*, tho grcati^st 
number of variables occurring in those swarms where sjM'Ctro- 
scopio observations indicate mean spacing. In cast's wlmrt* 
there 18 moie than one maximum, it is suggested that iimro 
than one revolving companion isconcornod. 1’his general 
view of variability, however, does net exoltulo otht'r oaimes, 
such as eclipses by dark compamons. 

In a later paper read at the Koyal ikieitity ou tlanutiry 
10, 1889, Mr Lockycr discussed tho si»ectrn of coiiKitB 
and the aurora, and tlie origm yf binary stara, with tho 
special object of testing the general hyixilhcsis. Tlie firat 
part of tfie paper dealt with tho spectra of ctmiets. It 
being generally accepted tliat oemets are nicteor-swarnih in 
the solar system which got hrighter, tied therefore Imttfr, 
as they appioach tho sun, if the hypothesis be true, the 
changes in their spectra ought to resemble llioso which take 
place m graduMly condensing swarms outride tho wilar 
System. A detailed discussion of all the available spootro- 
scopic observations of comets shews that this demand is 
satisfied by the facts. An imiiortant outcome of Mr. Lockypr’s 
investigations of dometary spectra is in the imravellitig of the 
spectroscopic phenomena iflroduoed by tho integration of 
various simple spectra. "I'lie cause of the variation In the 
form of the citron band in cometaiw spectra, for examtdo, 
hM always been a difficult question, but Mr. Lockyer shows 
that such variations as axe obswvod are not only explained but 
tended byhts bypote. AUowmgfor the differeaoos 
A ! .u observations, it is conclusively shown 

Aat the sequence of spectra is the same in comets a« in 
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comlcnsmS? *in*bttlne. In lK>*b ciwe» when tlio number of 
ooUieions *» J***** ^-uropHsnt to n*iulcr the Bwanm visible, ia., 
in, comets «I»!»4ion jiutl j»l«k«<‘tary iiobulm, the spectra are 
identical, coi»***ftmg HMinly of maj^nesium radiation (S 500), 
With the flrnf iiuTcasc «|* teuxtpwature (’ontmuous spectrum 
is added in cnsi:». As t In* nebulous swarm condenses 

an apparent »»*Rr with a aja.ctr«u«/»mwsting of bright flutings 
and lines 5® llni result, iitul tl»is i*. also tbe case m comotary 
swarms. BtsU fHftbw «*oiKlo*t«dkm of the nebulous swarm 
results in a o* (Jrunp i I., «iving mixta! earhon radiation 

and metallic Huting mid this also is a well 

marked *»tii|X« «*. tlm .h»v'<rl‘>pineut of coinelary spectra 
■Further coii* l*'****tt*®R in botl* caw results iu line absorption 
SohiapareiliV view, therefore, that comets consist of nebulous 
materials drtiwit into the H«Iur system by solai attraction, 
is now abi»n«in*»tly demonstmtod by the sneotroscopic study 
ofnelmte cawtetn, Tho discuietion of eometary spectra 

therefor© st jr®tigth«iM the |?t»»eral liyptheiiis, which would 
have been worthless had the ctmietary aficcira been otherwise. 

In the eMK*ncrt«l part ojf th© |»»por Mr. I^ookyer proceeds to 
test his hyi>«»th®si« by a, dtt»<nmsh#h rf tho speotrum of the 
aurora. M© points out that if la the autWHi the solid parti- 
cles of fcb© Mierteoritee whiwix are constautly entering our 
atmo^h^ro ear© acted uponhy the olootrio current, the spectro- 
scopic phonosnnna obsonea ©tight to he smiilar to those 
observes in cmr lahoratoricH wlicn motcorio dust is subjected 
to cloctiio <li xohargi-s in vaenmn tubes. It Iium never been pos- 
sible to renoiK'.ile tho uiinirn. wpcctnim with any known spec- 
trum ©fairs, Mine invo«t%iit*iwhafe attempted to got over 
this diffiowliy hy HMSUtollng fctMi.1 the aumra is produced tinder 
conditions of* t^impferatnre att«3. pewnur# wiWbi tr# at© tinable 
to imitates in our kboratori'ea*. J,' ctwiftatiioa' of the aurora 
spectrum witli the spootra «»f meteorite# and unoondensed 
moteor-swnritm (7 Oneeiopeieni, &c.), however, indicates a my 
intimate reliation betwcon tk© two apparently diffatent classes 
of phenbmonu. Tho motooi-Io dust theory of the aurora a# 
first enunoiiatod hy Olimtetl <lurlng the display of 1838 has 
practically rmootod boonu^ tlic lines of iron were not 

to be seek except in auroras of oxooptionally high tetupera- 
ture. 

Tho prmel|«».l lino in the aurorm spectrum is shown to be in 
all probakili t.y tho femnanfe ol tho manganese fluting at \ 568. 
This fluting i« found in ©very meteorite which has bCen 
spectroscoiiinally examined at a low temperature, and, more- 
OTer^ it IS loag bofojro tll€^ Itou with which it is associated 

in meteordteai. Even the small trace of manganese is sufE- 
o 5334 < S’ 



©lent to rciMicr thin Hating vinihlo before tlio Iron 1 
Ecoomlary line« in th« »mrofa sncsotntm al^o 
be duo to coiwtiiuenth t»f moteorittsa, which are hk 
at the iomeit tcmjKiraturea 'I ho n*agon why t 
temucraturohpcotruiu in nchulm Khouhl ho tlmt oT m 
while iji the lumira it ia njjingniioao, Mr. Lockvi*! 
IS that in nebula) heat due to eoUisiotw iah, qucf.! 
in the aurora cloctriwd eojuUietivity iw well »m 
mioBtion. Magnosiiiin, i»eing mainly in comhim* 
silica m moieorUoB, would not lie so likely to 
electrical excitut ioiw na would the volatile nietullio cc »i 
Ihorc IS therefore api«iretitly strong ovidotwi* 
spmtmmoi the aurora is duo to the pnwotiee of 
dust ni the upper parts of thi* air, and the inve 
strengthen the general meteoric hyporiiesk 
In the third part of the pajier tlie hypotliesk i 
tested by a discussion ol binary staia. If the « 
single yarmblw of the Nova type are really douW® » 
the hypothews suppom^a, virible physieal doubles aro 
only turther lulvnneeil stages, and by an iuvestigati 
spectra of the comjwneiihi, or of their colours whw 
arc not availabhs it ought to ho possible to detei 
stage of comlcnwition of sueli double nebulm. ’’1 
idea that the eomponent witli the smallest rnmn 
through Its obangos at a greater rate thou the other er) 
According to the relative stogea of develoi»na»» 
two comnpnTOts (or mdlreof Jy to their relative mwi 
^ockyer divides the known pliysical doubles into flv 
J here are imlly only tJiroo cases in which the eoi 
do not appear to have condensetl from double nd 
here the companiouH are probably i^ditions of a i 
goneml view that the regular var 
Jiromi IX. are rtidly doi^le nohulm Is therefore stroi 
by this mvesttetito. The irregular varkWes of t 

tm 7 multiplo aebiilf 

wm ultimately form multiple stars. 

k/x> eo^bmunioated to the Eoyai 

by Prefessor G. If. l)«w|e It is shown that 4o 

ml wtigwiim l^otwMn Mfs Iioekytrt iwateorie M 

and the nebular hypothesis of Kant and Lapkoe. 

( 0 .) Th 0 of {he Meteoric Hypotimis on 

Phy$ie$^ 

Jfhe working out ot the general meteorio hy 

f^aWe# w« to aw»# "fee pktst waottgii t 



nf »!»!* H* iv**- f,if p.tii ut l*« itMtw!, 

ii !«'!»»» '> ♦(» »m«‘ liiti'r ut (fromf V,, that 

»j'i. it Im» tta* whulMiii! 

Ki* 44»«'« I liv '•»•»’« iiki* K (hiirtiK f Tauri, 

I#)!.*', «» i tilf 4111 Im j.4*'« tlirr*H;'ll tlu* 

)n -! li I Jit Sr!y tw fur** it fin lUy lifiHiun •» n 
ilin'’t4rv f*-*Jy Tliur*' i * »nti|. wt« that tSi»‘ thncf 

Ntfjirtn t*» r»'<i'h fh** hutt-Hi •uv/*" h h" - Ihnn 


t th»» xo*? hi* rtlr»*}i»iy «*unlf*{ lury i*oHMi(|i mMy, 


I h«» *‘af»s It thi” >tja‘«*tr,i ut’ tuutt’uvii '*^ hcu e .pianally 
iiitrri4th)|< In i.a*tiiit>%iuit nitlt thi’ mutwirifin tttttiri* 


at»to m?<4w «*|tm»»tjon hy tiin motuonn Iiyfiothpsk 
t i# fejinwit that tin* tapunw in tlt« Inwla of eoni«*t« ard 
Irivi'ii uhI«io 4^ ftuiii tho ‘.Hit hy «»mt‘ fpjmWvo fofoo, If 
hi I fitm* i» “u tnloHfu at ouHwtary iliatnnnt'ii, it tmiy fairly bo 
•xtM'Ctfd that t| will aU* aai*t at tin* auii’n aurfact*, atwl 
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